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Abstract 
Part 1 of this thesis discusses a new synthesis of rhodium(II) and 
ir idium(II) octaethylporphyrin dimers (1 and 2) from the quantitative 
reaction of octaethylporphyrinatorhodium(II) and iridium(II) hydrides (3 and 
4) with 2,2,6,6-tetramethylpiperidin-1 -oxy (TEMPO) under N2 at room 
temperature. 
In part 2，(厂厂ara-arylsubstituted octabromotetraphenylporphyrins 
(5a-e) were synthesized systematically and the substitutent effect was 
studied by estimating the protonation constants (pK values) of the free base 
porphyrins using UV-visible absorption spectroscopy. We found that the 
change in pK values with different substituents did not show significant 
variation with the electronic effect of the substituents. 
Part 3 of this thesis reports on the synthesis, the crystal structure, and 
the thermolysis of [2,3,7,8,12,13,17,18-octachloro-5,10,15,20-tetrakis-(4'-
阶广 butylphenyl)porphyrinato]-2-
phenylethyl rhodium(III) (9c). By studying the iR NMR spectra of 9c before 
and after heating, we found that thermal rearrangement took place when the 
complex was heated at 100 oC in anaerobic condition. The result was very 
different from that obtained for non-chlorinated analogue in which j3-hydride 
elimination was considered to be the major reaction. 
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Anal. : analytical mmol ： millimole(s) 
tBu : tert-buiy\ mL ： milliliter 
oc ： degree Celsius . NBS ： A^-bromosuccinimide 
Calcd: calculated NCS ： A^-chlorosuccinimide 
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m/e : mass per charge ratio TEMPOH : l-hydroxy-2,2,6,6-tetra-
Me : methyl methylpiperidine 
MeO : methoxy TFA : trifluoroacetic acid 
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A New Synthesis of Rhodium (II) and Iridium (II) Octaethylporphyrin Dimers 
1.1 Introduction 
1.1.1 Objegtiyg 
The objective of this project is to develop a clean and efficient method for the 
preparation of rhodium (II) and iridium (II) octaethylporphyrin dimers. 
1.1.2 Literature Survey 
Figure 1: The block diagram of dimers 1 and 2 
1: M = Rh 2: M = Ir 
Rhodium (II) and iridium (II) octaethylporphyrin metal dimers (1 and 2). (Figure 
1) are among the few examples of metal-metal dimer containing an unsupported metal-
metal bond. 1-4 This is an important class of metal complexes-'^  in which both dimers 1 
and 2，with a single metal-metal bond, provide important structural information for the 
P. 1 
understanding of metal-metal interaction. For example, bis(dimethylglyoximato)-
bistriphenylphosphine dimer (Rh2(DMG)2(Ph3P)2) had been investigated structurally by 
Caulton and Cotton. 1 Unlike the rhodium analogues, there are fewer examples of iridium 
metal-metal dimer reported and most of them contain bridging ligands. So far, there is 
only one example of iridium non-bridged metal-metal dimer which has been fully 
characterized crystallographically.^ 
Structural and Physical Properties 
The synthesis and the properties of 1 were first reported by Ogoshi et aO in 1982. 
Although there is no crystallographic data reported, the characteristic ^H NMR spectrum 
of 1 provides evidence to support the dimeric structure of the complex. The spectrum is 
composed of a resonance due to methine protons at 5 9.26, peripheral methylene protons 
at 5 4.45 and 3.95 in an ABX3 pattern, and peripheral methyl protons at 5 1.71. The 
peripheral methylene protons appear as two groups of multiplet in the spectrum which is 
due to the diastereotopic nature of the protons and is a main support for the proposed 
structure of the dimer. The structure of the dimer is further supported by the magnetic 
susceptibility indicating a diamagnetic character {% - -0.65 x 10-6 mL at 25 oc).3 The 
Rh-Rh bond dissociation energy in 1 was estimated to be 16.5 kcal/mol by Wayland et 
alJ They employed the ^H NMR line broadening technique in which the line broadening 
of the signal is due to the exchange of diamagnetic dimer with the paramagnetic 
monomer in elevated temperature as described in equation 1. The iridium dimer 2 was 
first reported by Del Rossi Wayland in 1986^ and showed similar diastereotopic protons 
in its 1H NMR spectrum. 
Rh2(〇EP)2 ^ 2(〇EP)Rh". (1) 
1 
P. 2 
Chemical Properties ofl and 2 
Apart from the interesting structural information, dimer 1 contains rich chemistry 
including oxidative addition of H2 and alkyl C-H bonds, C-C and CO multiple bond 
insertion and other organometallic reactions with aldehydes and ketones. 
When 1 was treated with organic substrate such as benzyl bromide in inert 
atmosphere, a metal-carbon bond was generated (eq 2).3 The yield of the conversion was 
not very high (26 %) and the mechanism was proposed by Ogoshi to be the same as that 
established for CoH complexes.8，(J Halpern et a I had performed a kinetic study on the 
reaction of 1 with benzyl bromide in 1985. “）They proposed that the reaction undergoes 
a radical chain mechanism with the first step being the homolysis of the Rh-Rh bond to 
give a Rh centered radical. The Rh radical then abstracts a bromine atom from benzyl 
bromide. The benzyl radical generated then reacts with another Rh dimer to form a Rh-
carbon bond and a Rh radical which reacts further in a chain process. (Scheme I) 
1 + PhCHgBr (OEP)RhBr + (OEPjRhCHsPh (2) 
39 % 26 % 




Rh2(〇EP)2 ^ 2 (OEP)Rh • 
propagation: 
(OEP)Rh- + PhCHsBr (OEP)RhBr + PhCHg-
PhCHs. + Rh2(〇EP)2 (0EP)RhCH2Ph + (OEP)Rh • 
P. 3 
Insertion reactions of 1 with C-C multiple bonds produce alkyl-bridged 
complexes (eq 3 and 4).3’U iH NMR studies for the product in equation 3 revealed that 
the phenyl ring was sandwiched in two porphyrin rings.^ Halpern et ai had also reported 
the kinetic studies on the reaction of 1 with styrene and found that the reaction also goes 
through a free radical chain mechanism. l() (Scheme II) 
Rh2(〇EP)2 + HC 三 CPh (OEP)Rh-CH=CPh-Rh(OEP) (3) 
Rh2(〇EP)2 CH2=CHCH3 ^ (〇EP)Rh-CH2CH(CH3)-Rh(OEP) (4) 
Scheme I I The mechanism of the reaction of Rh2(OEP)2 1 with PhCH=CH2 
initiation/termination: 
Rh2(OEP)2 • • 2(0EP)Rh* 
propagation: 
(OEP)Rh. + PhCH=CH2 ,勸 (0EP)RhCH2CHPh 
(0EP)RhCH2CHPh + Rh2(OEP)2 喝‘(0EP)Rh-CH2CH(Ph〉-Rh(0EP) + (OEP)Rh. 
One of the most fascinating chemical properties of 1 is the thermal activation of 
benzylic hydrogens in arylmethyl s p e c i e s . 12’ 13 Octaethylporphyrinatorhodium(III) 
hydride (3) is the initial by-product according to equation 5. Then 3 eliminates hydrogen 
slowly (eq 6) to give the overall equation 7. 
Rh2(OEP)2 + PhCHa (〇EP)RhCH2Ph + (OEP)RhH (5) 
(OEP)RhH ^ 1/2 Rh2(〇EP)2 + 1/2 H2 (6) 
Rh2(OEP)2 + 2 PhCHa ^ 2 (0EP)RhCH2Ph + Hg (7) 
p. 4 
With carbon monoxide, two products were obtained with the same stoichiometry 
(eq 8 and 9). 14 The existence of two species was confirmed by solution IR spectra. In 
the presence of H2 or H2O, metalloformyl complexes was obtained as another product (eq 
10 and 11).15 Both reactions proceed through the formation of 3. Substitution of D2 and 
D2O reveals that H2 and H2O act as a source of hydrogen. 
Rh2(OEP)2 + CO.戰 ‘Rh2(〇EP)2(C〇） （8) 
〇 
Rh2(〇EP)2 + CO (OEP)Rh-C-Rh(OEP) 0 ) 
Rh2(OEP)2 + 2 CO + H2 2 (OEP)Rh(CHO) (10) 
Rh2(OEP)2 + 3 CO + H2O 2 (〇EP)Rh(CH〇）+ CO2 (11) 
Similarly, dimer 2 shows same types of reactivity and typical reactions of 2 with 
various substrates are summarized in equation 12 to 14 ^ 
lr2(〇EP)2 + H2 • 2 (OEP)lrH (12) 
lr2(OEP)2 + PhCHa (OEP)lrH + (0EP)lrCH2Ph (13) 
lr2(〇EP)2 + CH2=CH(〇Et) •(〇EP) lrCH2CH(〇B)lr(0EP) (14) 
Dimer 2 has been used as an electrocatalyst for the four-electron reduction of 
d ioxygen. l6 Collman and Kim had obtained the cyclic voltammogram of 
otaethylporphyrinato-iridium(II) hydride (4) adsorbed on a graphite electrode. An sharp 
increase of current in the presence O2 was found showing that 4 had activity towards O2 
reduction. By employing rotating-ring-disk voltammetric technique, they demonstrated 
that O2 was reduced in a four-electron process. They suggested a mechanism for the 
p. 5 
electrochemical process in which 2 was believed to be a key intermediate (Scheme III). 
Their results are valuable in the search for an cathode material for oxygen fuel cells. 17,18 
Scheme I I I The mechanism of four-electron reduction of O2 by (OEP)IrH 4 adsorbed 




2e • 2H+ —^ 
2 (OEP)lrH , - lr2(OEP〉2 〇>^ 
2e- ,2H+ y 
\ Ir(OEP) 
2H2〇 4e-，4H + 
Old Method for the Synthesis ofl and 2 
Dimer 1 has been synthesized by thermolysis of the corresponding metal hydrides 
3 .3 The thermolysis was carried out in toluene solution at 90 under aerobic 
condition.^ (eq 15) However, this method is not convenient and the yield depends on the 
operating technique. 
2 (OEP)RhH + 1/2 O2 ^ Rh2(〇EP)2 + H2O (15) 
p. 6 
2 has been synthesized by photolysis of (0EP)IrCH3 (equation 16)^ The 
photochemical reaction was carried out in benzene solution. When the solution was 
irradiated at 310 to 410 nm for 180 h, 2 was obtained with a low quantum yield of 0.018.4 
2 (0EP)lrCH3 + CqHq ^ ^ ^ ^ 丨r2(OEP)2 + CH4 + PhCHg (16) 
p. 7 
1.2 Result and Discussion 
Both 1 and 2 have rich chemistry and interesting structural properties. In view of 
the literature reported procedure for the synthesis of the metal dimer, it either suffers 
from the problem of inconvenience or low quantum yield. In order to facilitate the studies 
of this interesting class of compounds, a more efficient and clean synthetic method is 
required. In this project, we report a new approach employing TEMPO as a hydrogen 
atom abstractor in reacting with metal hydrides 3 or 4 quantitatively to give dimers 1 or 2 
at room temperature (eq 17). 
2 (OEP)MH + 2 TEMPO 日議ne ^ M2(OEP)2 + 2 TEMPOH (17) 
RT 
M = Rh, 3 M = Rh, 1, 90 % 
M = Ir’ 4 M = Ir, 2，90 % 
Figure 2: The structure of TEMPO and TEMPOH 
" " / p T " ^ Q r 
〇 OH 
TEMPO TEMPOH 
We found that TEMPO reacts with metal hydrides 3 or 4 to give dimers 1 or 2 
respectively. One of the advantages of using TEMPO is that both TEMPO and TEMPOH 
sublime under reduced pressure. So, we can use a large excess of TEMPO to shift to the 
product side and the unreactecl TEMPO and by-product TEMPOH as well as the solvent 
can then be removed easily by evaporation under high vacuum. 
p. 8 
The conversion was carried out in a Schlenk tube or Schlenk flask in which 3 or 4 
were dissolved in anhydrous benzene. The solvent should be degassed thoroughly before 
use to reduce the chance of contamination by O2. When TEMPO is added, the red 
solution of metal hydride turns dark brown almost instantaneously. The reaction mixture 
was allowed to stirred under N2 for 6 to 12 hours to make sure that the reaction was 
complete. The ^H NMR spectra of both 1 and 2 are same as literature reports3’4 with the 
characteristic peaks for the diastefeotopic methylene protons which appear as a pair of 
multiplet indicating the presence of a dimeric species. 
In the preparation of 4，the starting material I r (0EP)(C0 ) C l l 9 was not very 
soluble in EtOH and usually form a suspension. Ultrasonic irradiation to homogenize the 
suspension of Ir(OEP)(CO)Cl proved to be an advantage to improve the completeness of 
the reaction. 
The principle of the new synthesis lies on the fact that rhodium(II) and iridium(II) 
complexes tend to dimerize to form a metal-metal bondl except for those complexes 
containing sterically bulky ligand which prevents the mononuclear species from 
dimerization.20，21 For the old method described above, ( f monomeric Rh(II) and Ir(II) 
species are generated by either thermolysis or photolysis of a metal-hydrogen or metal-
carbon bond. In our case, the metal-hydrogen bond in 3 and 4 are homolytically cleaved 
by employing a good hydrogen atom abstractor to ensure a thermodynamically feasible 
reaction. 
TEMPOH has the 0 -H bond dissociation energy of 69.6 k c a l / m o l . 2 3 For 
rhodium, the bond dissociation energy of Rh-H bond in 3 and Rh-Rh bond in 1 are 
determined by Wayland to be 61.8 and 16.5 kcal/mol r e s p e c t i v e l y . 24 Although we do not 
have the Ir-Ir bond dissociation energy for 2，the enthalpy of the reaction can be estimated 
P. 9 
by using Rh as an example. The thermodynamic cycle for reaction 17, with M = Rh, 
depicted in scheme IV reveals that the conversion is exothermic (-32.1 kcal/mol). 
Scheme IV The thermodynamic cycle for reaction 17 using Rh as an example 
2 ( O E P ) R h - H ——• 2 ( 0 E P ) R h ' ‘ + 2 H . A H ° = 123.6 kca l /mo l 
2 T E M P O + 2 H - — — • 2 T E M P O H A H ° = - 1 3 9 . 2 kca l /mo l 
2 ( 0 E P ) R h - — R h 2 ( O E P ) 2 A H ° = -16 .5 kca l /mo l 
2 ( O E P ) R h H + 2 T E M P O ——Rh2(〇EP)2 + 2 T E M P O H a H ° = -32 .1 kca l /mo l 
p. 10 
1.3 Conclusion 
A clean and efficient method for the preparation of dimers 1 and 2 was developed. 
1 and 2 were prepared quantitatively by treating the corresponding metal hydrides 3 or 4 
with TEMPO under N2 at room temperature. 
p. 11 
Part 2 
Substituent Effect of m^5^;-/7ara-AryIsubstituted Octabromotetraphenylporphyrins 
2.1 Introduction 
2.1.1 Objectivg 
The objective of this project is to study the sensitivity of substituent effect 
transmitted from the phenyl ring* to the porphyrin ring in meso-para-SiTy\substitutQd 
octabromotetraphenylporphyrins. 
2.1.2 Literature Survey 
Metalloporphyrins have a widespread occurrence in biological systems and are 
important components for enzymatic reactions in organisms in recent years, there 
has been an increasing interest in the study of the preparation and properties of electron 
deficient and non-planar porphyrins because electron deficient and non-planar porphyrins 
are considered to be the models for cyctochrome ？450 and F430 co-factor respectively.27-
35 Octabromotetraphenylporphyrins are one of the most easiest accessible porphyrin with 
electron deficient and non-planar properties. The porphyrin is an electron-withdrawing 
ligand because of the presence of eight bromine atom at the /3-pyrrole position. Also, the 
eight bromine atoms exert severe steric effect so that octabromotetraphenylporphyrins are 
non-planar.34 Both the electronic and structural properties are the main reason why the 
porphyrins become a distinct class of compounds with unusual optical properties and 
enhanced electrochemical redox r e a c t i v i t y . 2 8 . 3 3 , 36 One aspect of this properties is the 
increased catalytic e f f i d e n c y 2 ( ) - 3 2 , 3 7 and chemical reactivity34’38 
p. 12 
Structure of Octabroinotetraphenylporphyrin 
The structure of 2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetraphenylporphyrin 
( 5 a ) is shown in figure 3. The eight bromine atoms are substituted at ^-pyrrole positions 
whereas the four phenyl groups are substituted at the meso carbon. 
Figure 3: The structure of H2OBP 5a 
B r - ^ H ^ ^ B r 
I N 1) 
5a 
In 1993，Krishnan published the crystal structure of Sa^^ with severe distortion 
with respect to the porphyrin core. The distortion is probably due to the presence of eight 
heavy bromine atoms which force the porphyrin skeleton to adopt a saddle-shape with the 
opposite pairs of bromine atoms at the pyrrole ring tilted upward and the other pairs 
downward. As usual, the phenyl ring is more or less perpendicular to the basal plane of 
the porphyrin. 
Optical properties of Octabroinotetraphenylporphyrin 
The Soret band in optical absorption spectra for 5 a and the corresponding non-
brominated tetraphenylporphyrin ( 6 a ) are 416 and 468 nm respectively. The Soret band 
of 5 a has a dramatic red shift of 52 nm from that of 6a which is equivalent to 6.5 nm shift 
p. 13 
per each bromine substitution at the "一pyrrole position as the result obtained by 
Callot.39,40 
To account for the optical behavior, Krishnan extensively studied the optical 
spectroscopy of 5 a 28 and explained based on Gouterman's four-orbital a p p r o a c h . 4 M 2 
The electronic effect of bromine is considered to be the major factor that the electron-
withdrawing nature of bromine enhances its conjugation with the porphyrin ring so that 
the ring charge is delocalized. The consequence is that electron-electron repulsion in the 
ring is decreased and the t t* state is s t a b i l i z e d The energy gap for the n-n* transition 
was decreased and so the porphyrin has a red shift in the optical spectrum. 
Some literature explains the optical properties by concerning the non-planarity of 
the porphyrin. Takeda et al. had examined the optical properties of 
dodecaphenylporphyrin (H2DPP) which showed similar drastic red shift in absorption 
s p e c t r a .36 H2DPP，like 5a, is non-planar due to the steric hindrance exerted by the 
phenyl rings.43 Theoretical calculations show that the HOMO is destabilized by the 
distortion of the porphyrin ring with respect to the LUMO and hence a red shift of the 
absorption spectra is observecl44，45 in according to the decreased energy gap between 
HOMO and LUMO.^^ 
Electrochemical properties of octahromotetraphenylporphyrin 
Krishnan had also performed an electrochemical studies on 5a and its metal 
derivatives.28 As observed for 6 a , the cyclic voltammogram of 5 a exhibits four 
reversible peaks corresponding to two oxidation and two reduction of the porphyrin 
ring 47,48 Both ring oxidation and reduction potential are anodic shifted with respect to 
6 a . Moreover, shift in the ring reduction potential is found to be more pronounced than 
that in the ring oxidation. It means that the porphyrin ring of 5a is easier to reduce and 
, p. 14 
harder to oxidize than non-brominated 6a consistent with the presence of electron-
withdrawing bromine substituents at the j3-pyrrole position. 
A recent paper has extended the electrochemical studies on the conformational 
effects on the redox potentials of tetraarylporphyrins halogenated at the " -py r ro le 
p o s i t i o n . 3 5 The electrochemical properties of unsubstitutecl, tetrahalogenated, and 
octahalogenateci (CI and Br) tetraiiiesitylpoiphyrin (H2TMP) were investigated. As in the 
results found by Krishnan et al, substitution at the —pyrrole position by electron-
withdrawing groups made the porphyrin ring easier to reduce and harder to oxidized than 
unsubstitutecl p o r p h y r i n s .28 However, the octahalogenateci derivatives were found to be 
easier to oxidize than the tetrahalogenuted derivatives in spite of the presence of more 
electron-withdrawing groups. Ochsenbein et ai explained in terms of the distorted 
conformation of octahalogenateci porphyrins in which the HOMO energy was raised 
relative to the LUM0.35 
Chemical properties of octahromotetraphenylporphyrin - metal insertion 
Metal incorporation is an important process in biological systems such as the 
catalytic metalation of Fe(II) into protoporphyrin IX by ferrochelatase to form 
p r o t o h e m e . 38 ’49 八呂 a result, there are many mechanistic studies on the porphyrin 
m e t a l a t i o n . 2 5 , 2 6 The mechanism was proposed to involve the deformation of the 
porphyrin ring during the incorporation of the metal ion to the m a c r o c y c l e 25,26,50-54 
Takeda et al. reported their studies on the incorporation of metal into non-planar H2DPP 
and they found that the metalation was faster than 6a by a factor of 6 x 10^ which 
suggested that the deformation of the porphyrin ring played an important role in the 
mechanism.洲 
p. 15 
For 5a, the rate of metal incorporation was found to be two to three orders of 
magnitude faster than those observed for Although the basicity of the porphyrin is 
diminished due to the presence of electron-withdrawing bromine atoms, the severe ring 
distortion by the heavy bromine atoms enhances the rate of metalation. 
Catalytic properties ofoctabroirwtetniphenylporphyrin 
Metalloporphyrins have 'been largely employed as catalysts for oxidation 
r e a c t i o n s 5 5 such as manganese and iron porphyrin complexes which are efficient catalysts 
for oxygen atom transfer r e a c t i o n s . 5 6 - 5 8 However, the metalloporphyrin is not 
sufficiently stable towards oxidizing conditions and result in low tum-over n u m b e r .30 
Moreover, the catalytic efficiency are also decreased by the formation of inert ^-oxo • 
s p e c i e s . 2 9 As a result, sterically hindered and electron-withdrawing metalloporphyrins 
were synthesized and were demonstrated to be more efficient catalysts for oxidation 
reactions. For example, Fe, Mn, and Mo complexes of perhalogenated H2TMP were 
found to be robust metalloporphyrins with enhanced catalytic efficiency in alkane 
hydroxylation and olefin e p o x i d a t i o n . 2 ( ) ” 3 l，3 2 
2.1.3 Substituent effect of /廳r叩卿-aryl‘siih‘stituted octuhromotetraphenvlDorphyrins 
In the last few decade, the effect of electron-withdrawing and donating groups on 
the ring basicity and redox potentials of free base porphyrins and their metal derivatives 
have been studied extensivdy.47’5()-61 5a is one of the examples in this distinct class of 
porphyrins with very different properties when compared with j3-unsubstituted 
porphyrins. As perhalogenated metalloporphyrins are mostly employed as catalysts in 
oxidation reactions, the effects of different substituent, at various points of the porphyrin 
ring, on the redox potential of the porphyrin ring and the central metal, and the basicity 
are also important. As the phenyl ring is not coplanar with the porphyrin ring, the 
interaction of the electronic effect between the substituents at the phenyl ring and the ring 
p. 16 
will be r e d u c e d .47 In addition, since H2OBP is non-planar, the degree of conjugation will 
be further diminished. As a result, the sensitivity of the substituent effect transmitted to 
the porphyrin ring of various substituted H2OBP is one of our concern in this project. 
P. 17 
2.2 Result and Discussion 
In this project, m6^vo/7m.«-arylsubstituted octabromotetraphenylporphyrins [H2(p-
X)OBP] were synthesized and the substituent effect transmitted to the porphyrin ring 
were studied. The substituents studied were hydrogen (5a)，methyl group (5b), tert-butyl 
group (5c)，methoxy group (5d), and chloro group (5e). H2(/7-X)OBP were synthesized 
from the corresponding meso-para-'dvyhuhstiiuitd tetraphenylporphyrin [H2(p-X)TPP] 
(6a-e).63 The synthesis of H2(p-X)0BP followed the procedure developed by Krishnan et 
a/..28 (Scheme V). 
Figure 4: The structure of H2(p-X)TPP and H2{p'X)OBF 
MM 
X X 
H 2 ( p - X ) T P P H 2 ( P - X ) 0 B P 
Scheme V 
i) pyridine 
CHCI3/CCI4 DT 1p h 
Cu(/>X)TPP + Br2 ‘ » Cu(p.X)OBP 
RT, 4 h ii) NaaSgOg 20-57 % 
70 % HCIO4/CHCI3 
H2(/>X)〇BP 
92-100 % RT,24-48h 
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In general, bromination was carried out wiih Cu(II) metalloporphyrins [Cu(p-
X)TPP] (7a-e). The metal complexes were prepared by incorporation of Cu(II) with 
H2(/7-X)TPP in PhCN (eq 18). This is a modified procedure for the Alder's method^^ in 
which metalation is carried out in DMF solution. PhCN was used because some 
substituted porphyrins were not soluble in DMF. Usually, a suspension was obtained so 
that the reaction was not complete in several hours. In contrast, porphyrins have better 
solubility in PhCN. Moreover, the'boiling point of PhCN is 188 ()C，so both the solubility 
and rate of reaction are enhanced. As a result, the reaction usually completes within 15 
min. Also, the yield of the conversion is very high (Table 1). 
PhCN 
H2(P"X)TPP + Cu(〇Ac)2H2〇 Cu(p-X)TPP (18) 
A, 15 min 
Table 1: The % yield of Cu(/7-X)TPP, Cu(/7-X)0BP and H2(p-X)0BP 
I 
CU(/7-X)TPP CU(P-X)OBP H2(P-X)0BP 
X (% yield) 
H 7a (98) 8a (35) 5a (100) 
Me 7b (96) 8b (24) 5b (92) 
屯u 7c (93) 8c (57) 5c (100) 
MeO 7d (94) 8cl (20) 5d(100) 
CI 7e (100) 8e (45) 5e(94) 
C F 3 7f(l()0) 8f(65) 5f(100) 
CN 7g (96) 8g (38) 5g (60) 
NO2 7h (76) 8h (72) 5h (53) 
The Soret band of H2(/7-X)TPP and Cu(/7-X)TPP in UV-vis spectra are 
summarized in Table 2. As in the result reported by Meot-Ner and Alcler^5 the Soret band 
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of free base unci Cu(II) derivatives of p-arylsubstituted porphyrins 6b-h and 7b-h are red 
shifted from that of 6a and 7a. Moreover, the Soret band of Cu(/7-X)TPP is 3 to 4 nm 
blue shifted from the corresponding H2(y?-X)TPP after the incorporation of the metal. 
Table 2: The Soret band of H2(p-X)TPP, Cu(/7-X)TPP, Cu(p-X)OBP 
and H2(/7_X)0BP 
H2(p-X)TPP CU(/7-X)TPP CU(P-X)OBP H2(P-X)0BP 
X (Xmax, nm) 
H 6a (416) 7a (413) 8a (465) 5a (468) 
Me 6b (418) 7b (415) 8b (467) 5b (471) 
屯u 6c (419) 7c (416) 8c (467) 5c(470) 
MeO 6d (421) 7cl (417) 8d (470) 5d (469) 
CI 6e (417) 7e(414) 8e (463) 5e (468) 
C F 3 6f(416) 7f(413) 8f(44()) 5f(458) 
CN 6g (418) 7g (415) 8g (439) 5g (458) 
NO2 6h(423) 7h(419) 8h (439) 5h (458) 
Brominations were carried out in 1:1 CHCI3/CCI4 solvent mixture at room 
temperature. The reaction condition is relatively milder than other reported 
procedure.27,29,3(),33 The reactions were monitored by UV-vis spectroscopy. For 8a-e, 
the Soret band was red shifted by about 52 nm which is estimated to be equivalent to 6.5 
nm shift per each bromine substitution at the p-pyrrole po s i t i on .39,40 Table 2 also 
includes the Soret band of Cu(/7-X)0BP with different p-arylsubstituents. The yields for 
the preparation of Cu(/7-X)0BP are satisfactory. 
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Demetalation was curried out in CHCI3 with HCIO4. The reaction time requires 
24 to 48 h and most of the Cu(II) complexes can be converted to the corresponding free 
base porphyrins. The yield and the Soret band of the tree base porphyrins are summarized 
in Table 1 and 2 respectively. The ^H NMR spectra of free base H2(p-X)0BP show no 
resonance signal due to pyrrole protons due to all protons replaced by Br. However, the 
resonance of N-H protons are also not observed. It may be due to the electron-
withdrawing properties of bromine atoms which increase the acidity of the N-H protons 
so that fast proton exchange makes the N-H protons too broad to be observed. 
The attempts of preparing H2(/:>-X)0BP with stronger electron-withdrawing 
substituents such as C F 3 (5f), CN (5g), and NO2 (5h) are unsuccessful by these 
procedures. UV-vis spectroscopy showed that the bromination of the corresponding 
Cu(p-X)TPP stop at about 440 nm which is equivalent to four bromine atoms 
substitution. The UV-vis spectra showed no further change for longer reaction time and at 
refluxing temperature. The addition of more bromine does not change the position of the 
Soret band as well. The ^H NMR spectra for the demetalatecl porphyrins present a 
complicated spectra in the aromatic region indicating a mixture of products with different 
degree of bromination. These products were not separable by simple column 
chromatography and recrystallization method and so we cannot estimate the composition 
of the mixture. The results are understandable because electrophilic aromatic 
substitutions are deactivated by electron-withdrawing group. The presence of four strong 
electron-withdrawing group such as C F 3 , CN, and NO2 decreases the nucleophilicity of 
the porphyrin ring and hence octabromination cannot achieve. 
The 5 value of r;-phenyl and m-phenyl protons in the phenyl ring of both H2(p-
X)TPP and H2(/?-X)0BP are given in Table 3. Substitution of eight bromine atoms causes 
the o-phenyl protons up-field shifted and m-phenyl protons down-field shifted. Although 
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the effects are not obvious, there is some implication of the effect of the bromine atoms 
exerted on the phenyl ring.…Phenyl protons are closer to the porphyrin ring in space, so 
they are more sensitive to the ring current created by the aromatic macrocycles than m-
phenyl protons. Ring distortion occurs when all the j3-pyiTole positions are substituted by 
bromine atoms. The distortion lowers the degree of conjugation of the macrocycles and 
hence the ring current decreases. As a result, f;-phenyl protons experience lesser 
deshielding effect and so the protons are up-field shifted. In contrast, the m-phenyl 
protons are down-field shifted. The down-field shift is probably due to the inductive 
effect caused by the eight bromine atoms. 
Table 3 The 5 value of t^-phenyl and m-phenyl protons in the phenyl ring of 
both H2(/7-X)TPP and H2(/7-X)OBP 
5，ppm 
H2(P-X)TPP H 2 ( / 7 - X ) 0 B P 
X (；-phenyl m-phenyl (；-phenyl m-phenyl 
MeO 8.11 7.27 8.08 7.30 
Me 8.08 7.53 8.07 7.56 
屯 u 8.13 7.74 8.09 7.76 
H 8.22 7.76 8.19 7.76 
CI 8.11 7.73 8.11 7.75 
A l l the FAB mass spectra show a cluster centered at m/z equal to the M+1 peak of 
the molecular ion (M+l)+. The cluster is consistent to the isotope pattern in accord with 
eight bromine substitution. 
The effects of the substituents on the reactions and physical properties of the 
porphyrins and metalloporphyrins can be measured by studying the Hammett linear free 
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energy relationship (eq 19).66 This equation is valid for both equilibrium and rate 
constant in which K^ is the equilibrium or rate constant of the substituted species by X， 
whereas, KH is that for unsubstituted species, a is a substituent constant and p’ is the 
reaction constant which measures the sensitivity of the reaction to the substituent effect. 
log (KWI) = cp' (19) 
This relationship can be expressed in two ways. Firstly, equation 19 can be 
expressed in terms of protonation constant, /7K3 and /7K4 of the pyrrole n i t r o g e n . 6 5 p K ^ 
and /7K4 are defined by equation 20 to 23. On the other hands, by suitable modification, 
this equation can be applied to measure the changes in half-wave potentials of 
electrochemical redox reiictions.47 (eq 24) 
尸K4 
[H4(/7-X)TPP]2+ [H3(/7-X)TPP]+ + H+ (20) 
、 
[U^(p-X)TP?y [H2(/?-X)TPP] + H+ (21) 
pK2 
[H2(/;-X)TPP] ；二^：：： [H07-X)TPP]- + H+ (22) 
P^i 
[H(p-X)TPP]- [(/7-X)TPP]2- + H+ (23) 
= 4ap (24) 
In equation 24’ p is given in volts and a constant 4 is included because there are 
totally four substituents in the porphyrin, p is approximately equal to (0.059 V)p' at 25 
OC.47 A£i/2 can be determined by cyclic voltammetry since £^ 1/2 is approximately equal 
to EP when measured by cyclic voltammetry.^^ 
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In order to study the substituent elTect by cyclic voltammetry, an electrochemical 
setup is established with a vol tarn me trie analyzer. We have successfully repeated the 
electrochemical measurement for non-brominated porphyrin 6a. The results are consistent 
to the literature report in which the cyclic voltamogram consists of four reversible peaks 
corresponding to four electrode reactions (eq 25 to 28) 
[H2(/?-X)TPP]2+ + E- [H2(P-X)TPP]+ (25) 
[U2(p-X)T??r + e- ；^：：^  [H2(p-X)TPP] (26) 
[H2(p-X)TPP] + e- [H2(/?-X)TPP]- (27) 
[H2(/?-X)TPP]- + e- [H2(/?-X)TPP]2- (28) 
However, for 5 a and 5c，the cyclic voltammograms show no reversible peak. We 
have tried another solvent system such as THF and PhCN. We also have changed 
parameter setting and supporting electrolyte concentration. No satisfactory result is 
obtained. Figure 5 shows the cyclic voltammogram of 5a. 
Figure 5 The cyclic voltammogram of 5a in CH2CI2 (1 mM) 
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The protonation constants /;K3 and /;K4 are determined by literature method.65 
The Soret band of H2(p-X)0BP in 1:1 CHCls/MeOH was monitored by UV-vis 
spectroscopy on increasing addition of HCIO4. The observed constant is defined as /7K = 
- l o g [ H C 1 0 4 ] i / 2 . [HC104]i/2 is the midpoint concentration of the acid at half 
neutralization. Figure 6 is a plot of the absorbance of the Soret band of 5 a against the 
concentration of HCIO4. The protonation constants of H2(p-X)0BP for different 
substituents are summarized in Table 4. 
Figure 6: Titration curve of 5a (5.46 x 10-6 m) with HCIO4 
Absorbance 
Plot Absorbance vs [HCIOJ 
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Table 4 ThepK value of H207-X)OBP 
pK value ofH2(p-X)OBP 
X p ^ ^ 
MeO 2.43 1.38 -0.12 -0.78 
Me 2.07 1.25 -0.14 -0.30 
屯 u 2.12 1.24 -0.15 -0.26 
H 2.07 1.27 0.00 0.00 
CI 2.07 1.23 0.34 0.11 
* Data obtained from reference 68. 
Graphs of pK plotted against Gp" and Gp+ are presented in Figure 7. From the data 
shown in Table 4，the pK values do not change very much with respect to different 
substituents except for MeO group which has a larger change in pK value from other 
H2(p-X)0BP. From Me to CI, the change is insignificant which can be subjected to 
experimental error. It seems to be no correlation between pK values and a's. This 
observation is very different from that obtained for H2(>-X)TPP65 which shows that the 
resonance interactions may be strongly significant even the phenyl and porphyrin k 
systems are very non-coplanar. The pK values of H2(/?-X)0BP suggest that ring 
distortion lowers the degree of conjugation of the phenyl ring with the porphyrin n 
system. As a consequence, the pK values show little variation with the electronic effect of 
the substituents. 
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Figure 7 Plots ofpK against Gp" and ap+ 
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Figure 7 cont'd 
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meso-para-Aryhuhstitutiid octubromotetraphenylporphyrins (5a-e) were 
synthesized systematically by the method developed by Krishnan. The protonation 
constant, pK^ and /7K4, of H2(/7-X)OBP with different substituents were determined by 
optical method. The change in pK values with different X did not show significant 
variation with the electronic effect of the substituents. It suggested that the ring distortion 
lowered the interaction between the phenyl ring and porphyrin ring n system. 
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Part 3 
The Thermolysis of [2,3,7,8,12,13,17,18-0ctachloro-5,10,15,20-tetrakis-
(4'-^^r^-butyIphenyI)porphyrinato]-2-phenyIethyIrhodiuin (III) 
3.1 Introduction 
3.1.1 Objective “ 
The objective of this' project is to investigate the thermolysis of 
[2，3，7’8，12’ 13，17，18-Oaachloro-5，10，15，2()-tetnikis(4’-ftTf-butylphenyl)porphyrinato]-2-
phenylethylrhodium (III). 
3.1.2 Literature survey 
Wayland et al had conducted extensive study on the preparation and thermal 
reactions of Rh-C bonds derived from the reactions of Rh2(OEP)2 1 with alkyl C-H bond 
in alkylbenzenes.l3 The reaction of 1 with n-propylbenzene and the thermolysis of 
corresponding (OEP)Rh(R) under anaerobic condition are summarized in equation 29 and 
30. 
Rh2(OEP)2 + CHgCHaCHsPh (OEP)Rh(CH(Ph)CH2CH3) + (OEP)RhH (29) 
1 36 % 3 34 % 
2 (OEP)Rh(CH(Ph)CH2CH3) Rh2(OEP)2 + CHaCHsCHsPh + CH3CH=CHPh (30) 
A prominent feature in the thermal reaction of (OEP)Rh(R) is the production of 
equal amounts of alkane and alkene without coupling products. This phenomenon 
suggests that the mechanism of the decomposition may pass through a concerted p -
f 
hydride elimination or homolytic cleavage of the Rh-C bond followed by j3-hydrogen 
atom abstraction which occurs within the solvent cage (eq 31). 
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(〇EP)Rh(CH(Ph)CH2CH3) • [ 〇 E P R h " . -CHlPhjCHgCHg] 
(OEP)RhH + CH3CH=CHPh (31) 
The second mechanism was suggested by Wayland^^ that a radical pair was 
trapped in a benzene solvent cage.'The metal centered radical abstracted a hydrogen atom 
from the alkyl radical to give 3 and alkene. He also suggested that the formation of alkane 
was due to the intermolecular reductive elimination depicted by equation 32. 
(OEP)RhH + (OEP)Rh(CH(Ph)CH2CH3)——Rh2(〇EP)2 + CHaCHgCHgPh (32) 
j3-hyclride elimination is an important mechanism in organometallic chemistry. 
However, the mechanism seems to be unlikely in organorhodium(III) porphyrins since 
the complexes lack of c/.v-coordination site which is a prerequisite for j3-hydride 
elimination. For the homolysis pathway, the mechanism is still not well-defined. This 
observation given above prompts us to investigate the Rh-C bond in organorhodium(III) 
porphyrins in detail. 
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3.2 Result and Discussion 
In our preliminary study of the mechanism of the thermal reaction of Rh-C bond 
in organorhodium(III) porphyrins, (p-Me)TPPRh(CH2CH2Ph) 9a and (p-^u)TPPRh-
(CH2CH2Ph) 9 b were synthesized and the thermal reactions of the complexes were 
monitored by ^H NMR spectroscopy. We found that the reaction proceeded very slowly 
at 80 oC with no obvious change for several days. At elevated temperature of 100 oC，the 
rate of decomposition increased t o observable rate but still required a week to consume 
the starting material. 
From the ^H NMR spectra of 9 a after heating for 5 d at 100 ^C, the singlet peak 
of pyrrole protons at 5 8.99 was down field shifted to 5 9.05. The yeild of each product 
was calculated by comparing the corresponding integration with the internal standard. 
The major product (5 9.05) was obtained in about 34 % yield and styrene (5 6.50 to 6.62, 
5.55 to 5.71 and 5.03 to 5.71) was also identified, by comparing standard ^H NMR 
spectrum, in 45 % yield. For 9 b , the pyrrole protons were down field shifted from 5 9.00 
to 9.06. The major product at 5 9.06 and styrene were obtained in 24 % and 32 % yield 
respectively. (Figure 8 ) The major products in the thermal reaction of 9 a and 9 b were not 
characterized and assumed to be (p-Me)TPPRhH and (p-^u)TPPRhH respectively as 
depicted in the equation 33 and 34. 
(p-Me)TPPRh(CH2CH2Ph)——(p-Me)TPPRhH + C f ^ C H P h (33) 
9a 




Figure 8 The ^H NMR spectra of the thermal reaction of 9a and 9b 
The 'H NMR spectra of 9 a and 9 b after heating at 100 °C for 5 days 
(The ^H NMR spectra of 9a and 9b are given in 'H NMR spectra section) 
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In order to increase the rate of decomposition, a structurally modified porphyrin 
ligand is required. We believe that the thermal reaction goes through a reduction which is 
facilitated by electron-withdrawing ligand since electron-withdrawing groups destabilize 
high valent Rh(III). H2(/7-^u)OBP 5c was employed as an electron withdrawing ligand 
but the incorporation of Rh into the porphyrin was unsuccessful resulting a mixture of 
products which cannot be separate by simple purification procedures. So，prechlorinated 
H2(p-^u)0CP 13 with eight electron-withdrawing chlorine atoms and lipophilic 屯 u 
groups was chosen. 
Figure 9 The structure of 6c and 13 
H2(p-feu)TPP H2(P」BU)〇CP 
6c 13 
The synthesis of 13 follows the procedure described by Dolphin et al..^^ (Scheme 
VI). Chlorination was carried out in …dichlorobenzene with Ni(p-屯u)TPP 11. The 
reaction was monitored by UV-vis spectroscopy. As described by Dolphin, the Soret 
band was red shifted from 416 to 442 nm. Free base H2(p-广Bu)OCP was obtained by 
demetalation of the corresponding Ni(/?-^u)OCP with concentrated H2SO4 in CH2CI2. 
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Scheme VI 
• PhCN , 
H2{p-^Bu)TPP + Ni(〇Ac)24H2〇 Ni{p-teu)TPP 
6 c A l l s min ^ 沼”。 
NCS/odichlorobenzene , 
• Ni(p-(Bu)〇CP 
140OC,2.5h . 1 2 80O/O 
H2SO4/CH2CI2 , 
— ~ — ~ • H 2 ( / > ^ B U ) 0 C P 
RT, 30 min 
1 3 8 7 % 
The synthesis of organorhodium(III) complexes 9a, 9b, and 9c are described by 
scheme VII with (/7-^Bu)OCPRh(CH2CH2Ph) 9c as a typical example. (/7-Me)TPPRhCl 
10a，（/?-屯u)TPPRhCl 10b and (/?-屯u)OCPRhCl 10c were synthesized by refluxing the 
corresponding H2(p-Me)TPP 6b，H2(/>屯u)TPP 6c and H2(p-^u)0CP 13 in PhCN for 1 
h with RhCl3-3H20. The yield of the reaction was higher and the reaction was cleaner 
than that carried out in DMF. In DMF, the preparation of lOb required more than 3 days 
and about half of the materials were recovered. The ^H NMR spectra of 10a, 10b and 10c 
show that PhCN is present as the sixth ligand. However, the resonance signal due to 
PhCN in lOc disappeared after recrystallization which indicates that PhCN acts as a 
loosely bound ligand. 
Scheme VI I 
H2(/>(Bu)0CP +' RhCI33H26 PhCN _ (p.teu)OCPRhCI 
1 3 1 0 c 6 5 % 
i) EtOH, N 2 
_ PhCHaCHgBr 
iONaBHVOH-' (P.它 U)OCPRh' r 丁 ‘ (p-^Bu)OCPRh (CH,CH,Ph) 
5 0 °C , 1 h 9 C 6 0 % 
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(/7-^u)OCPRh(CH2CH2Ph) 9 c was synthesized by reductive alkylation of 1 0 c in 
EtOH with NaBH4 solution in aq NuOH. The red solution turned reddish brown upon the 
addition of NaBH^OH" indicating the formation of Rh(I) anion. After the addition of 
PhCH2CH2Br, 9 c was obtained as orange solid. Single crystal of 9 c was grown in 
CHCl3/EtOH. The molecular structure of 9c is presented in figure 10. Details of crystal 
parameters, data collection and structure refinement are given in figure 11. Bond lengths 
and bond angles are listed in figure 12. 
Figure 10 The crystal structure of 9c 
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Figure 11 Data collection and processing parameters 
Molecular formula CggHg^ClgN^Rh-O.5CH3CH2OH 
Molecular weighc ^343.80 
Color and habic dark-red prism 
Crystal size 0.20 :c 0.28 x 0.32 mm 
Cryscal syscem criclinic 
Space group Pl (No. 2) 
Unit cell paramecers a - 13..989(3) A a - 95.858(9)° 
b - 16.022(4) 0 - 108.60(2) 
c - 17.037(7) 7 - 98.50(2) 
V - 3534(1) i? Z - 2 F(OOO) - 1382 . 
_3 
Density (calcd) 1.263 g cm 
Radiation graphite-monochroraacized Mo/Ca, A - 0.71073 A 
Standard reflections (5,2,4)； (3,1,3) ； (2,6, I) 
Incensity variation ±2.3% 
R. (from merging of 
eqiv. refLeccions) 0.044 
-1 
Absorption coefficient; 0.59 inm 
Mean pr 0.15 
Transmission faccors 0.734 co 0.822 
Scan cype and race u-scan; 4.00-60.00 deg min. 
Scan range 0.60° below /Ta^ co 0.60° above Ka^ 
Background counCing scationary councs for one fourth of scan time 
at: each end of scan range 
Collection range -1 < h < 10, -16 < k < 16, -L7 < i < 16; 25 - 42° 
° max 
Unique data measured 5913 
Obs. daca wich > 3<7(|F^|； , n 2968 
No. of variables, p , 723 
‘ 2 - 1 
Weighting scheme v - [a ] 
及jr - Z"F。- IF^ll/ 0.089 
wR - (Zw(|F^| - I > | i y 〒 0.086 
S - - - P ) ] ” 2.28 
Largest and mean A/a .401, .029 
Residual excrema in final 
difference map +0.66 co -0.51 eA~ 
P. 38 
Figure 12 Bond lengths (A) and bond angles ((>) 
( n CoordtMCion . . o « c r y aoouc Rh «co. C(34).C(35)-C(3«) U5(2) COM-Cf35)-C(39) 126(2) U ) cooraiMCion « 7 C(36)-C(35) .C(39) 119(2) C(35) .C(36)-C(37) 125(2) 
Rh( l ) -N( l ) 1.98 (2) Rh(U.N(2) 2.0“ ( . ) C(36>-C(37)-C(38) 123(2) C(32).C(^8)-C(33) 125(2) 
Rh(l)-N(3) 2.02 (2) 2.00 (L) C(32)-0(38)-C(37) 123(2) -C(38).C(37) 112(2) 
Rh<l)-C(6l) 2.09 (2) C(35)-C(39).C(40) U0(：) CC35)-C(39)-0(41) 106(2) 
C(33)-C(39)-C(U) 1 0 6 0 C(tO)-C(39) .C(Ul) 112(2) 
N(l). iUi( l)-H(21 39.6(7) H( l)-ah( l )-N(3) 1 7 7 . C ( i » 0 ) - C ( 3 9 ) 1 1 2 ( 2 ) C<ta) .C( 39) •C(42) 108(2) 
H(2)-Rh(l)-N(3) 39>(7> ：1(1)-Rha)-N<4) 39.7(7) C ( 3 5 ) - 0 ( 3 9 ) U 0 { 2 ) C(35)-0(39)-C(4U) 109(2) 
N(2)-Rh( l ) 'N( i ) 170.5(7) H(3)-RhC I)-N((.) n.&(7) C(35).CC39)-C<42A) 108(2) C(40A)-C(39).C(4U) 110(2) 
N(l)-Rh<l)-C(6l) n.2(9) .M(2)-Rh(l)-C(6l) 101.5(6) C(40A)-C(39).C(42a) 107(2) C(“lA>•C(39>•C(fc2A> 117(3) 
N(3)-Rh(n-C(6l) 57.0(9) M(a) .Rh( I)-0(61) 37.9(7) H(4) .C(43)-C(32) 123(2) -C(43> 115(2) 
( U ) 2.3.7.8.12.L3.W.l8-Oc»chUro-5.10.I5.20.c.cr . ict .<4-- c^ucylph.nyL) . CCW .C(“3) •(：(“） 122(2) Cl(6)-C(44)-C(43) 133(2) 
porphyrlnaco LLs*nd 
Cl( l)-C(60) L.72 (3) CU2)-CU“> 1.76 (3) CUS) •。(““）•C(“5> 126(2) Cf43”Cf““、 . r““5、 131(21 
Cl(3).C(15) 1.67 C2) CUM-C(29) 1.70 门） “ CI⑴•C(“5>•<：(“> :22(2) ：：( 7) .O.' iM-Cft/ i) ：：5(2) 
Cl(5)-C(30) 1.80 (3) a ( M - C ( “ “ > L.67 (2) C( “> -C^O) •(：(“） ：：3(2) ：：⑷•<：(“> •C(“5> ：：7(2) 
Cl(7)-C(45) 1.77 (2) CU8)-C(59) L.75 (2) N(4).C(fc6)-C(47) 121(2) C ( 4 5 ) - 0 ( 1 6 ) 二 2 ( 2 ) 
K(l) .C<l) 1.36 <3) M(l).C(58) L.39 (3) C(a6)-C(47).C(5：) 113(2) C(U)-CfL?)•€(5S) 130(2) 
S(2).C(13) l.UO (3) M(2).C(16) 1.41 (3 ) . C(53)-C(47).C(5fi) U7C2) C(49).C(48).C(53) ；: 
H(3>.C(28) 1.43 (2) N(3)-C(3l) L.34 (：) C(48)^CC^?)-0(50) 122(2) C(49).C(50)-0(51) 114(2) 
N(4)-C(43) L.:5 (3) S(4).C{A6) 1.36 (2) C(A9)-C(50).C(56) 121(2) C(5l).C(50)-C(56) :2U(2) 
C(l).C(2) L.“2 (3) C(l).C(60) i.UZ (3) C(50)-C(5l)-C(52) 125(2) C(51).C(52).Cr53) 123(2) 
C<2>-C(ft) i.^ (3) C(2).C(13) 1.35 O) C(47)-0(53).C(48) 122(2) C(47).C(53).C(52) ：26(2) 
C(3>-C(“） 1.3S <M C(3).C(8) L、0 (3) C(48>.C(53)-C<52) I12<2) C(50)-C(54>.C(55) 108(2) 
C(i.).C(5) L.40 ⑷ C(5).C(6) 1.39 (3) C(50)-C(54).C(56) 110(2) C(50>-C<5“>.C(57) 110(2) 
C(3).C(9) 1.55 (3) C(6)-C(7) l.M) (3) C(35)-C(54).C(56) 105(2) C(35)-C(54) .C(57) U U 3 ) 
C(7).C(a) 1.37 (U) CC9)-C(10) 1.35.(3) C(56)-C(5M-C(57) 113(2) C(50)-C(5i)-C(35A) 111(2) 
C(9)-C(U) 1.54 (M C(9).C(U) 1.55 (“） C(50).C(54).C(56A) 103(2) C(50>-C(3M-C(57A> ilU(2) 
C(9)-C(10A) 1.55 (3) C(9).C(XU) 1.55 (M C(55A)-C(54).CC56A) 103(2) C(55A)-C(54>-C(57A) L12C3) 
C(9)-CC12A) 1.56 (M C(13)-CCU) (3) C(56A) .C(54) .C(57A) I U ( 3 ) H(l)-C(58) .C(47) ::8(2> 
C(16)-C(15) 1.29 (4) C(15)-C(16) 1.47 (3) N(l)-C(58)-C(59) U l ( 2 ) C(47).CC58)-C(59) 1)1(2) 
C(16).C(17) 1.41 (4) C(17).C(23) 1.52 (3) Cl(8).C(59)-C(58> 129(2) Cl(8)-€(59).C(60) 122(2) 
C(17)-C(28) 1.38 (3) C(18).C(19) L.31 (3) C<5a)-C(59>-0(60) 109(2) CUU•C(60>•<：(U 134(2) 
CCie).C(23) 1.34 (3) C(19).C(20> 1.36 (3) Cl(l)-C(60)-C(59) 127(2) C(I)-C(60)-C(59) 105(2) 
C(20)-Cf2l) 1.45 (3) C(20卜C(2M 1.56 (3) ( i u ) Ph.n.chyl group 
C(21).C(22) 1.41 (3) C;22)-C(23) 1.31 ⑷ ^ ' ^ ® ^ 
C(24)-C(25) 1.56 O) C(2a).C(26) L.54 (A) C(6l)-C(62) 1.54 O) C(61).CC62A) 1.53 (3) 
C<24)-C(27) 1.52 (3) C(28)-C(29) ；.51 (U) C(62).C(63) 1.51 (“> C(62a).CC63A) 1.53 (M 
C(29).C(30) L.35 (3) CC30)-C(31) 1.41 (U) C(6J)-C(64) 1.395 C(63A).C(6iA) ；.395 
C(31)-C(32) 1.32 (3) C(32)-C(38) L.“6 C(63)-C(68) 1.395 C(63A).C(68A) 1.395 
C(32)-C<“3) 1.39 C(33>-C(34) L . U (4) C(64)-C(65) 1.395 C(64A)-C(65A) 1.395 
C(33)-CC38) 1.38 (3) C(34)-C(35) 1.41 (3) C(65)-C(66) 1.395 C(65AWC(66A) 1.395 
C<35)-C(36> 1.41 C3) C(35)-C(39) 1.56 (3) C(66)-C(67) 1.395 C(66A}-CCfiTA) 1.395 
C(36).C(37> 1.35 (4) C(37)-C(38) 1.44 (4) C(67)-C(68) 1.395 C(67A).C(68^) 1.395 
C<39)-C(“0) 1.53 (3) C(39>.C(“U 1.56 (3) 
C(39)-C(t2) L.58 (4) C(39)-C(^Oa) 1.57 (3) Rh(t)-C(6l)-C(62> 104(1) ilh(l)-Cf61)-C(62A) 1C6(2) 
C(39)-C(4U) 1.55 C(39)-C(T2A) 1.55 <3) C(6U-C(62)-C(63) U5(2> C(61)-C(62A).C(63A) 111(2) 
C<43).C(U») 1.4A (3) / C(U0-C(fc5) 1.28 <M C(62)-C(63)-C(W) 119(2) C(S2A>.C(63A>-C(6“/U 127(2) 
C(45)-C(66) l .U . (3) C((.6).C(47) I ,C I (3) C(62)-C(63).C(6«) 121(2) C(62A).C(63A)-C(68A) 113(2) 
C(47卜C(53) L.50 (3) C(i.7)-C(58) 1.41 (3) C(64)-C(63>-C(68) 120.0 C(64A)-C(63^).C(68A) 120.0 
C(48)-C(<»9) 1.40 (3) C(48)-C(53) 1.40 (3) C(65)-C(64).C(63) 120,0 C(65M-Cf6i.A)-C(63A) 120.0 
C<49).C(50) 1.42 (3) C(50)-CC3l) 1.36 (&) C(64)-C(65).C(66) 120.0 C(64A)-C(65A).C(66A) 1：0.0 
C<50).C(5“） 1.55 (3) C(51).C(32> 1.37 (3) C(63)-C(66)-C(67) 120.0 ：(65^)-CCSfiA)-CCSTA) 1:0.0 
C(32)-C(33) L . “ (3) C(5“>.C(55) 1.56 (“） C(66).C(67)-0(63) 120.0 C(66A).C(67A).C(68a) 120.0 
C(54).C(56> 1.56 (3) C(5“>-C(57) 1.5^ (3) C(67)-C(68).C(63) 120.0 CC57A)-C(68A).C(63A) 120.0 
C(5M.C(35A) 1.35 <5) C04〉.C(3&A) 1.57 (3) ( Iv ) Solv.nc - o U c u i . (CH,CH,OH) 
C(54).C(57a) 1.53 (5) C(58)-C(59) 1.38 <“） , ” -
C(39).C(60) 1.34 (3) 1.37 (7) C(69).C(70) I.56 (7) 
Rh( l ) .N( l ) .C(L) I27f l ) Rh(l).N(l).C(58) 129(2) 0(1)-C(69)-0(70) I U ( 5 ) 
CCl)-N(l)-Ct58) 102(2) Rh(l).N(2)-C(13) U “ f l > 
Rh<l)-N<2)-C(16) 125(2) C(U)-N(2)-CCU) I09f2) 
Rh(l).N(3)-C(28) 126(2) Rh(l)-N(3)-C(3l) 123(1) 
C(2«)-NC3)-C(3l) U0(2) R h ( l ) - 0 ( 4 3 ) 129(1) 
Rh(l).N(i»).C(46) 128(1) C(a3)-N(4)-Cjr46) 103(2) 
N( l ) -C( l ) -C(2) 126(2) M(1)-C(L)-C(59) LU(2) 
C(2)-C(l)-C(59) 121(2) C(l)-C(2)-C(«) 122(2) 
C(1).C(2)-C(X3) ；22(2) C(8)-C(2)-0(13) 1L3(2) 
C<“>-C<3>-C(8) m O ) C(3)-C(4).CC5) 122(2) 
C(6).C(S)-C(6) 113(：) C(4)-C(5)-C(9) 120(2) 
C(6)-CC5).C(9) 127(2) C(5)-C(6>-C(7) 125(2) 
CC6).CC7)-C(«) 122(2) CC2)-C(8>-C(3) L26(2) 
C(2)-C(8).C(7) 120(2) C(3)-C(8>-C(7) I U ( 2 ) 
C ( 5 ) - C ( 9 ) - C ( 1 0 ) 107(2) C(5)-C(9)-C(ll) 109(2) 
C(5 ) .C (9 ) .C (12 ) 111(2) C(L0)-C(9)-C(LL) 109(2) 
C C 1 0 ) . C ( 9 ) . C < 1 2 ) 106(2) CCll)-C(9)-C(12) 113(2) 
C(3).C(9>.C(LOM U0{3) C(5)-0(9)-C(XU) 110(2) 
C(5)-C(9)-C(I2M 108(2) C(10A>-C(9)-CdU) 110(2) 
C ( 1 0 A ) . C ( 9 > . C ( 1 2 A ) 112(3) C < 1 U ) . C ( 9 ) . C ( 1 2 A ) 108(3) 
N(7).C(13)-C(2) m ( 2 > S(2)-C(13).C(1“） 102(2) 
C(2).C(13)-C(14) 131(2) CU2)-C(14).C(13) 126(2) 
C U 2 ) - C ( U ) . C ( 1 3 ) 117(2) C(13).C(U>-C(15) 117(2) 
C1(3>.C(15)-CC14) 130(2) CU3)-C(15)-C(16) 126(2) 
C(U)-C(ia>-C(l6) 103(2) H(2)-C(U)-C(15) 109(2) 
N(2).C(16>.C(17) 124(2) CC15)-C(U) .C(17) L2“(2) 
C(L6).C(17>-C(23) 123(2) C(U)-Cd?)-C(28) 122(2) 
CC23)-C(17)-C(28) 115(2) C(19>.C(l，>.C(23> 118(2) 
C( l8 ) .ca9) .c (20) 126(2) C(19) .C(20)-CCD I U ( 2 ) 
C(19>-CC20>.C(24) 129⑴ C(2l)-CCZO).C(24) U6<2) 
C(20).C(n)-C(22) U8C2) C(2l) .C(22) .C(23) 119(2) 
C(17)-C(23)-C(X8) 120(2) C(U>.C(23>.C(22> 115(2) 
C(l«)-C(23)-C(22) 124(2) C(20)-0(24)-C(25> 110(2) 
C(20)-C(26).C(26) 110(2> C(25).C(24).C(26) U0(2) 
C(20).CC24).CC27) 109(2) C(25 卜 C(2M.C(2n 103(2) 
C(26).C(24V.C(27) 111(2) M(3>-0(28).C(17) 126(2) 
N(3).C(28)-C(29) 10M2> C(17) .C(28).C(29) 130(2) 
CU4).CC29).C(28) 128(2) Cl(a>-C(29) .C(30) U6(3) 
C(28)-C(29).C(30) 107(2) CU5)-0(30)-0(29) 118(2) 
Cl(5).C(30).C(3l) L3U2) c (29) .cn0) .c (3 l ) 110(3) 
M(3).C(n).C(30) 109(2) H(3) .C(2l> .C(32) 127(2) 
C(30).C(n)-C(32) 124(2) C(3U-C(32〉.C(3«) 116(2) 
C(3L>.C(32).C(43) 122(2) CC3I).C(32).C(43) 121(2) 
C(3A),C(33).C<3«) 127(2) C(33>.C<K>.CC33) IU<2) 
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Raw intensities collected on a Siemens P4/PC four-circle diffractometer at room 
temperature (294 ()K) were corrected for absorption using \|/-scan data.70 Patterson 
superposition yielded most of the non-hydrogen atoms, and the remaining atoms were 
located in successive difference Fourier syntheses. It was found that the 2-phenylethyl 
and three of the four tert-huty\ groups were diorientationally disordered through rotation 
about the single Rh-C and C-C bonds. The disordered phenyl ring was fixed as a regular 
hexagon of edge 1.395 A and each disordered rm-butyl group as a rigid group with C-C 
bonds of 1.56(2) A and C-C-C angles of 109(3)". The occupancies of the disordered non-
hydrogen atoms were assigned according to the results of the refinement, and the site 
occupancy of the solvent molecule (EtOH) was fixed at 0.5 in order to get reasonable 
thermal parameters. The hydrogen atoms except those attached to disordered non-
hydrogen atoms were generated geometrically (C-H bonds fixed at 0.96 A) and allowed 
to ride on their respective parent C atoms; all hydrogen atoms were assigned appropriate 
isotropic temperature factors and included in the structure-factor calculations. The final 
refinement with isotropic thermal parameters for disordered non-hydrogen atoms and 
anisotropic thermal parameters for the remaining non-hydrogen atoms was carried out by 
block-matrix least-squares method. Computations were performed using the SHELTXL-
PC program package'^ ^ on an IBM PC-486 computer. Analytic expressions of atomic 
scattering factors were employed, and anomalous dispersion corrections were 
incorporated.^^ 
The coordination sphere of the rhodium atom shows square pyramidal geometry 
with the four porphyrinato N atoms occupying the basal sites and the C atom of 2-
phenylethyl the axial site. The Rh atom lies 0.07 A above the basal plane and the N atoms 
deviate alternatively from the basal plane by 0.10 A. The porphyrinato ring in this 
complex is ruffled with one of the four meso-c'drhons, C(2)，below the basal plane and the 
remaining three, C(17), C(32), C(47), above it, which is very different from the planar 
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configuration found in the analogous octiiethylporpliyrinato(methyl)rhodium(III)73 The 
average dihedral angle between the mean planes of adjacent pyrrole rings is 24.5°, and 
the average dihedral angle between the substituted phenyl rings and the basal plane is 
60.20. 
The solvent molecules (EtOH) occupy lattice cavities formed by the loose packing 
of the complex molecules, and there in no significant bonding interaction between either 
of the ethanol molecules and a molecule of the complex. The closest intermolecular 
distance is 3.38 A between a carbon atom of an ethanol molecule and C(65) of the 2-
phenylethyl group. Only five other interatomic contacts are at less than 4.00 A. 
The i H NMR spectrum of 9c is similar to that of OEPRh(CH2CH2Ph)13 and is 
consistent to the crystal structure described above. There is no resonance due to pyrrole 
protons since all of them are substituted by CI atoms. The 4 phenyl protons are resolved 
to 4 doublets. The phenyl protons in axial ligand are up-field shifted to 6.40, 6.26 and 
5.12 ppm respectively, whereas the ethylene protons at a and p carbon are up-field 
shifted to -2.15 and -3.71 ppm respectively. The resonance signals of protons in axial 
ligand appeared in relatively up-field region can be rationalized by the shielding effect 
exerted by the porphyrin n system. The 5 values of the mt'.yc^-phenyl protons and the 
protons in axial ligand for both 9b and 9c are listed in Table 5 for comparison. It should 
be noted that while the me.s'a-phenyl protons are up-field shifted, the protons in axial 
ligand are all down-field shifted in the chlorinated derivative. It can be explained in terms 
of the distorted structure of 0?-^Bu)OCPRh(CH2CH2Ph). Ring distortion lowers the 
degree of conjugation of the porphyrin n system which in turns decrease the ring current 
generated by the porphyrin ring. As a consequence, the protons outside the ring are less 
deshielded whereas that inside the ring are less shielded. 
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Table 5 The 5 value for 9b and 9c 
5, ppm 
(p-^u)TPPRh(CH2CH2Ph) 9b (/?-^u)OCPRh(CH2CH2Ph) 9c 
o-phenyl 8.31 8.07 
0'-phenyl 8.12 • 7.82 . 
m-phenyl 7:64 7.68 
m'-phenyl 7.53 7.57 
axial p-phenyl 6.31 6.40 
axial m-phenyl 6.15 6.26 
axial (？-phenyl 4.87 5.12 
axial -CpE2- -2.92 -2.15 
axial - C a m - ：436 l i Z i 
The thermal reaction of 9c was carried out in C6D6 at 100 under anaerobic 
conditions with tetrakis(trimethylsilyl)silane as internal standard. The reaction was 
monitored by ^H NMR spectroscopy. The iH NMR spectra changed after heating for one 
day and the 5 values for major peaks remained unchanged for further heating (Figure 13). 
The thermal reaction of 9c is very different from that of 9a and 9 b . First of all, the rate of 
reaction was at least 5 times faster than 9a and 9b. Secondly, the thermal reaction of 9c 
seems to be a rearrangement rather than a thermolysis. As shown in figure 13，the 
resonance signals at 5 6.17 to 6.66 and -3.36 to -2.07 revealed that the alkyl group 
remained intact. The chemical shift of the two triplets of ethylene protons at 5-2.15 and-
3.71 in 1 to 1 ratio were replaced by a multiplet at 5 -2.08 and a doublet at 5 -3.35 in 1 to 
3 ratio. The chemical shift, integration and splitting patterns suggested that the alkyl 
group was probably a 1-phenylethyl but not a 2-phenylethyl. So, the product was 
assumed to be (p-屯u)0CPRh(CH(CH3)Ph) in 79 % yield. Unlike that of 9 a and 9b，the 
iR NMR spectrum did not show any styrene present in the reaction mixture. 
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Figure 13 The ^H NMR spectra of the thermal reaction of 9c 
The NMR spectra of 9c before heating 
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Figure 13 cont'd 
The 'H NMR spectra of 9 c after heating at 100 °C for 1 day 
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The thermal reaction of 9c can be examined in more detail. We can compare the 
IH NMR spectrum of ( / 7 - , B u)OCPRh(CH(CH ; 3)Ph) prepared by reacting 1 0 c with 
PhCH(CH3)Br followed the procedure described for 9c. We can also obtain the 13c NMR 
spectrum of 9c and measure the C-H coupling constant and see if there is any agnostic 
interaction between Rh and /^-hydrogen. We can also study the thermal reaction in the 
presence of sixth coordinating ligands such as triphenyl phosphine and see if the sixth 




(/7-^Bu)OCPRh(CH2CH2Ph) 9c was synthesized and the crystal structure was 
determined. The porphyrin skeleton, with 8 CI atoms substituted at j3-pyrrole position, 
was distorted to adopt a saddle-shape. The 2-phenylethyl ligancl occupied the axial 
position and all the protons of the 2-phenylethyl ligand were up-shifted in ^H NMR 
spectra due to the shielding effect exerted by the porphyrin n system. The rate of reaction 
of 9 c in C6D6 was found to be at-least 5 times faster than 9 a and 9 b . The 2-phenylethyl 
group bonded to Rh was rearranged to 1-phenylethyl group which was different from that 
of 9a and 9b. In the thermal reaction of 9a and 9b, j3-hydride elimination to give metal 




General procedures: Unless specified, all manipulations were either performed 
in a dry box or using Schlenk line techniques. A l l materials were obtained from 
commercial suppliers and used without further purification unless otherwise noted. Dry 
benzene was distilled from sodium and degassed by the freeze-thaw-pump method (-196 
to 25 oc，three cycles). Column chromatography was carried out in air using silica gel 
(70-230 mesh or 230-400 mesh) or alumina (activity I). A l l reactions were monitored by 
thin layer chromatography (TLC) performed on Merck precouted silica gel 6OF254 plates. 
Routine proton NMR spectra were recorded on a Bruker 25()-MHz or Jeol 270-
MHz spectrometer in CDCI3 or QsDfi. C6D6 was dried over sodium and vacuum 
distilled. Spectra were referenced internally to the residual proton resonance in CDCI3 (5 
7.24) or C6D6 (5 7.15), or with tetmmethylsilane as internal standard. Chemical shifts 
were reported as parts per million (ppm) in 5 scale down-field from TMS. Coupling 
constants ( / ) were reported in hertz (Hz). FAB muss spectra were obtained from Tsing 
Hua University. UV-vis spectra were taken with either a Hitachi U2()()0 or U3000 UV-vis 
spectrophotometer using a pair of matched glass cells of 1 cm path length in CH2CI2. 
Elemental analysis were carried out by Brunei University Meclac Ltd UK . 
Cyclic voltammetric measurements were carried out with a Bioanalytical System 
(BAS CV-5()W) voltammetric analyzer. The cell was composed of a platinum-button 
working electrode, a platinum wire auxiliary electrode and a silver pseudo reference 
electrode. CH2CI2 and PhCN were distilled over C11H2. THF was distilled over sodium 
benzophenone ketyl. The solvent was purged with solvent saturated anhydrous N2 for at 
least 10 min before measurement. 
p. 47 
The protonation constants /7K3 and /;K4 of H2(p-X)0BP were determined by 
optical m e t h o c l .65 The change in absorbance of the Soret band of H2(p-X)0BP [10-6 M 
solution in MeOH/CHC^ (1:1 v/v)] on increasing addition of HCIO4 (70 %, 11.6 M) was 
monitored by Hitachi U30()() UV-vis spectrophotometer. The titration was performed 
directly in 4 mL solution in the cuvette. A titration curve was obtained by plotting 
absorbance against concentration of HCIO4. [HC104]i/2 was determined by graphical 
method. 
(OEP)RhCl 964 A suspension of H2OEP (118 mg, 0.22 mmol) and 
RhCl3.3H20 (116 mg, 0.44 mmol) were renuxed in air for 2 d in DMF (10 mL). Then the 
solvent was evaporated to dryness under reduced pressure. The dark red residue was 
chromatographed over silica gel (70-230 mesh). The bands eluted with CH2CI2 was 
c}iscarded. The metalloporphyrin bund was then eluted with 10 % MeOH in CH2CI2 to 
give orange red solution. Upon rotary evaporation, red solid of 9 (104 mg, 0.16 mmol, 73 
%) was obtained which was recrystallized from CH2Cl2/hexane to give red spindle like 
crystal (overall yield 48 %). Rf = 0.17 (5 % MeOH in CH2CI2)； ^H NMR (CDCI3, 250 
M H z ) 5 10.32 (s, 4 H), 4.14 (m，16 H,J = 7.5 Hz)，1.94 (t, 24 H, 7 = 7.5 Hz). 
(OEP)RhH 33 A solution of 9 (95 mg, 0.14 mmol) in EtOH (30 mL) was 
purged with N2 for 10 min. The red suspension at 50 ()C was added N2 purged (10 min) 
NaBH4 (20 mg, 0.53 mmol) solution in aq. NaOH (1 M, 2 mL). The resulting mixture 
was stirred for further 2 h at 50 ()C. The resultant brown solution obtained was cooled 
down to RT. Then N2 purged (10 min) acetic acid (5 mL) was added through a syringe. A 
bright orange precipitate formed immediately and was collected by suction filtration 
under the protection of N2. The filter cake was washed with MeOH and dried under 
vacuum for 24 h. Bright orange solids (74 mg, 0.12 mmol, 86 %) was obtained. ^H NMR 
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(C6D6, 250 MHz) 5 10.15 (s, 4 H), 3.94 (q, 16 H, 7 = 8.0 Hz), 1.87 (t，24 H,7=8.0 Hz), 
-41.27 (d, 1 H, •/1()3rii.H = 44.8Hz). 
Rh2(OEP)2 1 3 (30 mg, ().()47 mmol) was dissolved in anhydrous benzene (5 
mL). The red solution was then added with a solution of TEMPO (11 mg, 0.070 mmol) in 
anhydrous benzene (5 mL). The red solution turned dark brown immediately and was 
stirred under N2 at RT for 6 h. The solvent as well as the unreacted TEMPO and 
TEMPOH were then removed under reduced pressure. Dark red solids of 1 (27 mg, 0.021 
mmol, 90 %) was obtained. ^H NMR 250 MHz) 5 9.29 (s, 4 H), 4.40-4.48 (m，8 
H)，3.93-3.99 (m, 8 H), 1.70 (t, 24 H , 7 = 7.5 Hz). 
Ir(OEP)(CO)Cl 1019 H2OEP (250 mg, 0.47 mmol) and [Ir(C0D)Cl]2 
(400 mg, 0.60 mmol) were suspended in xylene (100 mL) and was refluxed in air for 24 
h. The solvent was then removed by evaporation under reduced pressure. The resultant 
crude solids were chromatographed over silica gel (70-230 mesh) with benzene. The fast 
moving red band (Rf = 0.75) eluted with benzene was discarded. The main porphyrin 
band was eluted with 3:1 benzene/acetone. The dark red solution was collected and 
rotary evaporated to dryness to give dark red solids which were re-chromatographed over 
silica gel (23()-4()() mesh) with CH2CI2. The first colored pigment was discarded and the 
main bright red band was collected and evaporated to dryness. The bright red solid 
obtained was recrystallized from CHClg/MeOH to give 10 (143 mg, 0.18 mmol, 39 %, 
literature 52%). Rf = 0.11 (benzene); ^H NMR (CDCI3, 250 MHz) 5 10.31 (s, 4 H), 4.16 
(m, 16 H), 2.02 (t’ 24 H,7 = 7.5 Hz). 
(OEP)IrH 4 4 was prepared by the same procedure described for 3 
except that HCl (30 mL, 0.1 M) was added instead of acetic acid. 1 0 (60 mg, 0.076 
mmol), suspended in EtOH, gave an amorphous precipitate upon the addition of N2 
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purged (10 min) NaBH4 (20 mg, 0.53 mmol) solution in aq. NaOH (1 M, 2 mL). After 
acidification with HCl (0.1 M, 30 mL, N2 purged for 10 min), orange precipitate was 
collected by suction filtration under N2 and washed with H2O and MeOH. After dried in 
high vacuum for 24 h, 4 (47 mg, 0.065 mmol, 85 %) was obtained. iH NMR (C6D6) 5 
9.90 (s，4 H), 3.89 (q, 16 H ,y=6 .5 Hz), 1.86 (t, 24 H,7=6.5 Hz), -58.48 (s，1 H). 
Ir2(OEP)2 2 2 was prepared by the same procedure described for 1. 4 
(32 mg, 0.044 mmol) was placed in anhydrous benzene (2 mL) to give a red suspension. 
A solution of TEMPO (138 mg, 0.88 mmol) in anhydrous benzene (1 mL) was added 
through a syringe. 4 dissolved reudily to give a dark brown solution. The solution was 
stirred under N2 at RT for 12 h. Upon evaporation under high vacuum, 2 (29 mg, 0.020 
mmol) was obtained in 90 % yield. ^H NMR (QSDG ’ 250 MHz) 5 8.91 (s, 4 H), 4.30-4.39 
(m，8 H), 3.85-3.94 (m, 8 H), 1.66 (t, 24 H， = 7.5 Hz). 
/7-ter/-Butylbenzadehyde62 A solution of/?-ferr-butyltoluene (2.24 g, 15 mmol), 
NBS (4.03 g, 23 mmol) and benzoylperoxide (13.4 mg, ().{)55 mmol) in CCI4 (10 mL) 
was refluxed in air for 4 h. After filtration, the solution was rotary evaporated. Yellow 
oily liquid obtained was added to a solution mixture of hexamethylenetetramine (5.77 g, 
41 mmol) in H2O (5 mL) and EtOH (5 mL). The resulting mixture was refluxed in air for 
4 h. Then，concentrated HCl was added and the mixture was refluxed for another 30 min. 
The organic layer was separated and extracted with ether. The solvent was removed by 
rotary evaporation to give a yellow liquid (2.09 g，13 mmol, 86 %). ^H NMR (CDCI3, 
250 MHz) 5 9.96 (s, 1 H), 7.79 ( d , 2 H 7 = 10.0 Hz), 7.53 ( d , 2 H 7 = 10.0 Hz), 1.34 (s, 9 
H). 
H2(/7-X)TPP^3 General procedure: The preparation of HiTPP 6 a was 
described as a typical example. Pyrrole (2.5 mL, 36 mmol) and benzadehyde (3.82 g, 36 
p. 50 
mmol) were added to refluxing propionic acid (150 mL). The mixture was refluxed for 
about 30 min. The resulting black solution was allowed to attain RT and then cooled in 
an ice-water bath. The purple crystals 6a were suction filtered and washed with MeOH 
until the filtrate was clear (0.85 g, 1.4 mmol, 15 %). ^H NMR (CDCI3, 250 MHz) 5 8.85 
(s，8 H), 8.22 (m, 8 H)，7.76 (m, 12 H), -2.77 (bs, 2 H); UV-visible (CH2CI2), Xmax, nm 
(log e) 416 (5.68)，459 (3.28), 482 (3.53), 514 (4.29), 548 (3.92), 588 (3.77), 646 (3.68). 
H2(p-^Bu)TPP 6c65 The preparation of 6c followed the procedure described 
above. Pyrrole (6.67 mL, 96 mmol) and /"m-butylbenzadehyde (15.6 g, 96 mmol) were 
refluxed in propionic acid (350 mL) for 1 h to give purple crystals 6c (3.6 g, 4.3 mmol, 
18 %). IH NMR (CDCI3, 250 MHz) 6 8.85 (s, 8 H), 8.13 (d, 8 H , y = 8 . 2 Hz), 7.74 (d，8 
H , y = 8.3 Hz), 1.55 (s, 36 H), -2.77 (bs, 2 H); UV-visible (CH2CI2), >.max, nm (log e) 
419 (5.78), 485 (3.72), 516 (4.36), 552 (4.13), 592 (3.86), 647 (3.93). 
H2(p-MeO)TPP The preparation of 6d followed the procedure 
described above. Pyrrole (2.08 mL, 30 mmol) and p-methoxybenzadehyde (3.65 mL, 30 
mmol) were refluxed in propionic add (110 mL) for 1 h to give purple crystals 6 d ( 1 . 0 g, 
4.3 mmol, 19 %). ^H NMR (CDCI3, 250 MHz) 5 8.84 (s, 8 H)，8.11 (d, 8 H ,7=8 .5 Hz), 
7.27 (d, 8 H ， 8 . 6 Hz)； 4.08 (s, 12 H), -2.77 (bs, 2 H); UV-visible (CH2CI2), Xmax, nm 
(log e) 421 (5.86)，517 (4.42)，555 (4.27), 592 (3.93), 649 (4.08). 
H2(p-CF3)TPP The preparation of 6f followed the procedure described 
above. Pyrrole (2.6 mL，37 mmol) and a,a,a-innuorotolualdehyde (5.0 mL, 37 mmol) 
were refluxed in propionic acid (150 mL) for 30 min to give purple crystals 6 f (1.0 g, 4.3 
mmol, 19 %). IH NMR (CDCI3, 250 MHz) 5 8.80 (s, 8 H), 8.32 (d, 8 H ,7 = 7.9 Hz), 8.03 
(d, 8 H, 7 =8.1 Hz), -2.85 (bs, 2 H); UV-visible (CH2CI2), ？ imax, nm (log e) 371 (4.45)， 
416 (5.62)，480 (3.57)，512 (4.30), 546 (4.27)，592 (3.83), 587 (3.82), 643 (3.54). 
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H2(p-CN)TPP The preparation of 6g followed a modified procedure 
described above.74p-Cyanobenzadehyde(3.5 g, 27 mmol) and acetic anhydride (4.4 mL, 
47 mmol) were added to hot propionic acid (1()() mL). The mixture was then added 
pyrrole (1.9 mL, 27 mmol) dropwise and refluxed in air for 30 min. After cooled down to 
RT, MeOH (100 mL) was added and the mixture was cooled in an ice-water bath. The 
precipitate was then filtered and the filter cake was washed with MeOH until the filtrate 
was clear. The residue was then suspended in pyridine (30 mL) and refluxed in air for 1 
h. The tarry solution was then refrigerated overnight and the precipitate formed was 
filtered. The filter cake was washed with minimum amount of acetone and MeOH to give 
purple crystals 6g (370 mg，0.52 mmol, 7.7 %). ^H NMR (CDCI3, 250 MHz) 5 8.78 (s, 8 
H), 8.31 (d, 8 H，/ = 7.5 Hz), 8.08 (d, 8 H, J = 7.5 Hz), -2.90 (bs, 2 H); UV-visible 
(CH2CI2), >.max, nm (log e) 418 (5.76), 514 (4.44)，548 (4.05), 589 (3.94), 645 (3.75). 
H2(/7-N02)TPP 6h74 The preparation of 6h followed the modified 
procedure described for 6g. /;-Nitrobenzadehyde(5.5 g, 37 mmol) and acetic anhydride (6 
mL，64 mmol) were refluxed in propionic acid (150 mL) with pyrrole (2.5 mL, 37 mmol) 
for 30 min to give black solids. A suspension of the solids in pyridine (40 mL) was 
refluxed in air for 1 h. The tarry solution was then refrigerated overnight and the 
precipitate formed was filtered. The filter cake was washed with minimum amount of 
acetone and MeOH to give purple crystals 6 h (1.66 g, 2.1 mmol, 23 %). i H NMR 
(CDCI3, 250 MHz) 5 8.81 (s, 8 H)，8.65 (d, 8 H, 7 = 7.5 Hz), 8.39 (d, 8 H, 7 = 7.5 Hz), 
-2.82 (bs, 2 H); UV-visible (CH2CI2), nm (log e) 423 (5.42), 515 (4.28), 551 
(3.99)，590 (3.86)，646 (3.62). 
CuO-X)TPP^ General procedure: Cu(/7-X)TPP was prepared by modified 
procedure described by Alder et alS^ The preparation of CuTPP 7 a was described as a 
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typical example. 6 a (250 mg, 0.41 mmol) and Cu(0Ac)2-H20 (164 mg, 0.82 mmol) 
were refluxed in PhCN (25 mL) in air I'or 15 min. After the solvent was removed by 
evaporation under reduced pressure, the crude product was chromatographed over silica 
gel (70-230 mesh) with CHCI3. The red band was collected and evaporated to dryness. 
The blue crystal of 7 a was then washed with MeOH and air dried (270 mg, 0.40 mmol, 
98 %). Rf = 0.57 (2:1 hexane/CH2Cl2); UV-visible (CH2CI2), ？ imax, nm (log e) 413 
(5.95)，501 (3.85), 537 (4.59), 615.(3.42). 
7b was synthesized by the same procedure described above. 
6b (250 mg, 0.37 mmol) and Cu(0Ac)2.H20 (151 mg, 0.76 mmol) were refluxed in 
PhCN ( 2 5 m L ) to give blue crystals in 9 6 % yield ( 2 6 0 m g , 0 . 3 7 mmol). R f = 0 . 8 0 ( 1 : 1 
hexane/CH2Cl2)； UV-visible (CH2CI2), ^^max, nm (log e) 415 (5.76)，503 (3.55)，538 
(4.39)，574 (3.51). 
Cu(p-^Bu)TPP 7c糾 7c was synthesized by the same procedure described above. 
6 c (250 mg, 0.30 mmol) and Cu(0Ac)2.H20 (124 mg, 0.62 mmol) were refluxed in 
PhCN (25 mL) to give blue crystals in 93 % yield (250 mg, 0.28 mmol). Rf = 0.90 (1:1 
hexane/CH2Cl2)； UV-visible (CH2CI2),入max，nm (log e) 416 (5.86), 502 (3.71), 538 
(4.49)，574 (3.69). 
Cu(p-MeO)TPP 7d64 7d was synthesized by the same procedure 
described above. 6d (250 mg, 0.34 mmol) and Cu(0Ac)2.H20 (139 mg, 0.70 mmol) were 
refluxed in PhCN (25 mL) to give blue crystals in 94 % yield (256 mg, 0.32 mmol). R f = 
0.77 (CH2CI2)； UV-visible (CH2CI2), ？ imux, nm (log e) 417 (5.69)，504 (3.54), 540 
(4.33)，577 (3.58). 
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Cu(/?-Cl)TPP 7e似 7e was synihesized by the same procedure described above. 
6e (250 mg’ 0.33 mmol) and Cu(0Ac)2-H20 (133 mg，0.67 mmol) were refluxed in 
PhCN (25 mL) to give orange red solids 7e in 100 % yield (270 mg, 0.33 mmol). Rf = 
0.61 (1:1 hexane/CH2Cl2)； UV-visible (CH2CI2), Xmax, nm (log e) 414 (6.00), 502 
(3.81)，538 (4.63). 
Cii(p-CF3)TPP 7f was synthesized by the same procedure described above. 
6f (250 mg, 0.28 mmol) and Cu(0Ac)2.H20 (115 mg, 0.58 mmol) were refluxed in 
PhCN (25 mL) to give blue crystals 7f in lOO % yield (264 mg, 0.28 mmol). Rf = 0.48 
(3:1 hexane/CH2Cl2)； UV-visible (CH2CI2),入max，nm (log e) 413 (5.73), 500 (3.46)，537 
(4.37), 617 (2.73). 
C u ( / 7 - C N ) T P P 7g64 7g was synthesized by the same procedure described above. 
6g (250 mg, 0.28 mmol) and Cu(0Ac)2-H20 (115 mg, 0.58 mmol) were refluxed in 
PhCN (25 mL) to give orange red solids 7g in 96 % yield (264 mg, 0.28 mmol). Rf = 0.33 
(CH2CI2)； UV-visible (CH2CI2),入max，nm (log e) 415 (5.77), 499 (3.56)，538 (4.43)， 
622 (2.25). 
Cu ( / 7 -N02)TPP 7h64 7h was synthesized by the same procedure 
described above. 6h (250 mg, 0.28 mmol) and Cu(0Ac)2.H20 (115 mg, 0.58 mmol) were 
refluxed in PhCN (25 mL) to give orange red solids 7h in 76 % yield (264 mg, 0.28 
mmol). Rf = 0.50 (CHCI3); UV-visible (CH2CI2), Xmax, nm (log e) 419 (5.55)，498 
(3.61), 540 (4.43), 617 (2.73). 
C u ( / ? - X ) O B p 2 8 General procedure: The preparation of CuOBP 8a was 
described as a typical example. 7a (250 mg, 0.37 mmol) was dissolved in 1:1 v/v 
CHCI3/CCI4 (100 mL). The red solution was added slowly a solution of Br i (0.6 mL, 12 
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mmol) in 1:1 v/v CHCI3/CCI4 (25 mL). The mixture was stirred at RT for about 4 h to 
give a green solution. Then a solution of pyridine (1.5 mL) in 1:1 v/v CHCI3/CCI4 (40 
mL) was added dropwise. The resulting mixture was stirred at RT for further 12 h. The 
reaction mixture was added with NLI2S2()5 (10 g) in H2O (50 mL) to destroy excess Br2. 
The organic layer was separated and washed with saturated NaCl solution. The green 
solution was dried over Na2S04 and evaporated to dryness to give green precipitate. The 
crude product was then washed'with MeOH and minimum amount of acetone. The 
residue was chromatographed over basic alumina with CHCI3. The green fraction was 
collected and evaporated to dryness. The green solids were washed with MeOH and air 
dried (170 mg, 0.13 mmol, 35 %). Rf = 0.65 ( 2 : 1 hexane/CHiCh); UV-visible ( C H 2 C I 2 ) , 
入max，nm (log e) 465 (5.29), 581 (4.44). 
Cu(p-Me)OBP 8b28 8 b was synthesized by the same procedure described above. 
7b (200 mg, 0.27 mmol) reacted w i t h Bra (0.45 mL’ 8.7 mmol) to give green solids in 24 
% yield (89 mg, 0.065 mmol). Rf = 0.53 ( 2 : 1 hexane/CH2Cl2)； UV-visible ( C H 2 C I 2 ) , 
>.max, nm (log e) 363 (4.55), 467 (5.31), 581 (4.34), 627 (4.04); Anal. Calcd for 
C48H28Br8N4Cu-H20: C, 41.73; H, 2.19; N, 4.06. Found: C，41.58; H, 2.05; N, 3.94. 
Cu(/7-尔u)OBP 8c28 8C was synthesized by the same procedure described above. 
7 c (344 mg, 0.38 mmol) reacted with Br〗(0.62 mL, 12 mmol) to give green solids in 57 
% yield (335 mg, 0 . 2 2 mmol). Rf = 0.67 (4:1 hexane/CH2Cl2); UV-visible ( C H 2 C I 2 ) , 
>.max, nm (log e) 363 (4.48), 467 (5.24)，581 (4.25)，626 (3.99); Anal. Calcd for 
C60H52Br8N4Cu: C，47.04; H, 3.42; N, 3.66. Found: C, 46.87; H, 3.42; N, 3.52. 
Cu(/;-MeO)OBP 8d28 8 d was synthesized by the same procedure 
described above. 7 d (240 mg, 0.30 mmol) reacted with Br2 (0.48 mL, 9.5 mmol) to give 
green solids in 20 % yield (84 mg, 0.22 mmol). Rf = 0.80 ( C H 2 C I 2 )； UV-visible 
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(CH2CI2),入max, nm (log e) 470 (5.47), 540 (4.11), 583 (4.44), 630 (4.28); Anal. Calcd 
for C48H28Br8N404Cu-4H20： C，38.45; H, 2.42; N, 3.74. Found: C，38.62; H，2.03; N， 
3.54. 
CU(/7-C1)OBP 8E28 8 e was synthesized by the same procedure described 
above. 7 e (200 mg, 0.25 mmol) reacted with Br〗(0.40 mL，7.9 mmol) to give green 
solids in 45 % yield (160 mg, 0.11 mmol). Rf = 0.47 (2:1 hexane/CH2Cl2); UV-visible 
(CH2CI2), >.max, nm (log e) 365 (4.30), 447 (5.00), 463 (5.()())，579 (4.12); Anal. Calcd 
for C44Hi6Br8Cl4N4Cu-2H20: C，35.68; H, 1.36; N, 3.78. Found: C, 35.69; H, 1.42; N, 
3.57. 
CU(/7-CF3)OBP 8f was synthesized by the same procedure described above. 
7 f (200 mg, 0.21 mmol) reacted with Br〗(0.35 mL, 6.8 mmol) to give green solids in 61 
% yield (205 mg, 0.13 mmol). Rf = 0.61 (2:1 hexane/CH2Cl2)； UV-visible (CH2CI2), 
Xmax, nm (log e) 439 (5.30), 575 (4.32). 
C U ( / 7 - C N ) 0 B P 8g28 8 g was synthesized by the same procedure described above. 
7 g (183 mg, 0.24 mmol) reacted with Br〗(0.38 mL, 7.6 mmol) to give green solids in 71 
% yield (242 mg, 0.17 mmol). Rf = 0.24 (CH2CI2); UV-visible (CH2CI2)，Xmax, nm (log 
e) 439 (5.45), 572 (4.42). 
C U ( P - N 0 2 ) 0 B P 8h28 8 H was synthesized by the same procedure 
described above. 7 h (150 mg, 0.18 mmol) reacted with Br〗(0.28 mL, 5.6 mmol) to give 
green solids in 72 % yield (187 mg, 0.13 mmol). Rf = 0.78 (CHCI3); UV-visible 
(CH2CI2), Xmax, nm (log e) 439 (5.35), 568 (4.32). 
p. 56 
H2(/7-X)OBP28 General procedure: The preparation of H2OBP 5 a was 
described as a typical example. 8a (150 mg, 0.12 mmol) was dissolved in CHCI3 (75 
mL). HCIO4 (15 mL, 70 %) was added lo the green solution. The mixture was stirred at 
RT in air for 48 h. H2O was then added to the mixture and the organic layer was 
separated. After neutralized with Na2C03 (10 g) in H2O (50 mL), the green solution was 
washed with saturated NaCl solution and dried over Na2S04. The solvent was removed 
by rotary evaporation. The crude product obtained was chromatographed over basic 
alumina with CHCI3. The green fruction was collected and evaporated to dryness. The 
green solids (143 mg, 0.12 mmol, lOO %) were washed with MeOH and air dried. Rf = 
0.28 (1:1 hexane/CH2Cl2)； ^H NMR (CDCI3, 250 MHz) 5 8.19 (m, 8 H), 7.76 (m, 12 H); 
UV-visible (CH2CI2),入max, nm (log e) 366 (44.51), 468 (5.27), 601 (4.04)，624 (4.15). 
H2(p-Me)0BP 51)28 5b was synlhesized by the same procedure described above. 
8b (80 mg, ().{)59 mmol) was demetahted with HCIO4 (20 mL, 70 %) for 24 h to give 
green solids in 92 % yield (70 mg, 0.054 mmol). Rf = 0.33 (1:1 hexane/CHaCh); ^H 
NMR (CDCI3, 250 MHz) 5 8.07 (d, 8 H, 7 = 7.9 Hz), 7.56 (d, 8 H, 7 = 7.5 Hz), 2.66 (s, 
12 H); UV-visible (CH2CI2), Xmax, nm (log e) 471 (5.46), 601 (4.23), 635 (4.37); FAB 
(M+l )+ m/z 1303; Anal. Calcd for C48H3()Br8N4-3H20: C, 42.51; H, 2.68; N，4.13. 
Found: C, 42.55; H，2.70; N, 3.90. 
H2(p-^Bu)0BP 5c28 5c was synthesized by the same procedure described above. 
8c (255 mg, 0.17 mmol) was demetahted with HCIO4 (24 mL, 70 %) for 48 h to give 
green solids in 100 % yield (250 mg, 0.17 mmol). Rf = 0.36 (1:1 hexane/CHzCh); ^H 
NMR (CDCI3, 250 MHz) 5 8.09 (d, 8 H , 7 = 8.4 Hz), 7.76 (d, 8 H’ / = 8.6 Hz), 1.54 (s, 
36 H); UV-visible (CH2CI2), Xmax’ nm (log e) 369 (4.60), 470 (5.53), 575 (4.07), 634 
(4.40); FAB (M+l)+ m/z 1471; Anal. Calcd for C6oH54Br8N4： C, 49.01; H, 3.70; N, 3.81. 
Found: C, 49.26; H, 3.73; N, 3.76. 
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H2(/7-MeO)OBP 5d28 5d was synthesized by the same procedure 
described above. 8d (25 mg, {).()18 mmol) was demetahted with HCIO4 (5 mL, 70 %) for 
24 h to give green solids in 100 % yield (25 mg, 0.018 mmol). Rf = 0.67 (CH2CI2)； ^H 
NMR (CDCI3, 250 MHz) 5 8.08 (d，8 H, 7 = 8.5 Hz)，7.30 (d，8 H, 7 = 8.6 Hz), 4.06 (s, 
12 H); UV-visible (CH2CI2), Xmax, nm (log e) 469 (5.08), 631 (3.93); FAB (M+l)+ m/z 
1367; Anal. Calcd for C48H3oBr8N404-3H20: C, 40.60; H, 2.56; N, 3.95. Found: C, 
40.69; H, 2.28; N, 3.73. 
H 2 ( > - C 1 ) 0 B P 5e28 5e was synthesized by the same procedure described above. 
8e (104 mg，0.072 mmol) was demetalated with HCIO4 (10 mL, 70 %) for 3 d to give 
green solids in 94 % yield (94 mg, 0.068 mmol). R f = 0.47 (1:1 hexane/CHiCh)； ^ H 
NMR (CDCI3, 250 MHz) 5 8.11 (d, 8 H, 7 = 8.4 Hz), 7.75 (d, 8 H, 7 = 8.2 Hz); UV-
visible (CH2CI2),入max, nm (log e) 365 (4.30), 447 (5.00), 463 (5.00), 579 (4.12); FAB 
(M+l)+ m/z 1384; Anal. Calcd for C44H1xB1.8a4N4Cu.H2O: C，37.70; H, 1.43; N, 4.00. 
Found: C，37.81; H, 1.51; N, 3.87. 
H 2 ( p - C F 3 ) O B P 5f 5f was demetalated with concentrated H2S04.69 8f (200 
mg, 0.13 mmol) was dissolved in CH2CI2 (50 mL). The solution was added concentrated 
H2SO4 (30 mL) and the mixture was stirred at RT for 30 min. The green suspension was 
then poured to an ice bath. The mixture was extracted with CH2CI2/TFA (100 mL I 3 
mL). The organic layer was separated and neutralized with Na2C03 (10 g) in H2O (50 
mL). The green solution was washed with saturated NaCl and dried over Na2S04. The 
solvent was then removed by rotary evaporation. The crude product was 
chromatographed over silica gel (7()-23() mesh). The band eluted with hexane/CHiCla 
(2:1) was collected and evaporated to dryness. The blue solids was washed with MeOH 
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and air dried (192 mg, 0.13 mmol, 100 %). Rf = 0.26 (2:1 hexune/CH2Cl2)； UV-visible 
(CH2CI2)，入max, nm (log e) 376 (4.29), 458 (5.15), 554 (3.97); 601 (3.86), 611 (3.88). 
H2(/7-CN)0BP 5g 5g was synthesized by the same procedure described for 5a. 
8g (150 mg, 0.11 mmol) was demetabted with HCIO4 (15 mL, 70 %) for 48 h to give 
green solids in 72 % yield (106 mg, 0.079 mmol). Rf = 0.51 (CH2CI2)； UV-visible 
(CH2CI2), >.max, nm (log £) 456 (5.37), 551 (4.21), 601 (4.04). 
H2(>-N02)0BP 5h 5h was synthesized by the same procedure described for 5f. 
8h (120 mg, 0.081 mmol) was demetalated with concentrated H2SO4 (30 mL) for 30 min 
to give green solids in 53 % yield (61 mg, {).{)43 mmol). Rf = 0.75 (CH2CI2)； ^H NMR 
(CDCI3, 250 MHz) 5 8.07 (d，8 H， / = 7.9 Hz), 7.56 (d, 8 H , 7 = 7.5 Hz), 2.66 (s, 12 H); 
UV-visible (CH2CI2), ？imax, nm (log e) 456 (5.36), 551 (4.27), 601 (4.21). 
Ni(p-^Bu)TPP 1164 6c (250 mg, 0.3() mmol) and Ni(0Ac)2.4H20 (150 mg, 
0.60 mmol) were suspended in PhCN (25 mL). The mixture was refluxed in air for 1.5 h. 
The solvent was removed by evaporation under reduced pressure. The crude product was 
then chromatographed over silica gel (70-230 mesh) with CHCI3. The red band was 
collected and evaporated to dryness. The blue crystals were washed with MeOH and air 
dried (255 mg, 0.29 mmol, 97 %). Rf = 0.51 ( 2 : 1 hexane/CHiCb)； UV-visible (CH2C I 2)， 
Xmax, nm (log e) 414(5.47), 528(4.31)’ 614(3.04). 
NiO?-尔u)OCP 126‘J 11 (179 mg, 0.20 mmol) was dissolved in o-
dichlorobenzene (15 mL). The solution was added NCS (320 mg, 2.4 mmol) and the 
mixture was stirred at 140 ()C for 2.5 h. The reaction was monitored by UV-visible 
spectroscopy and the Soret band shifted from 416 nm to 442 nm. The solvent was then 
removed by evaporation under reduced pressure. The residue was chromatographed over 
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neutral alumina with CHCI3. The red band collected was concentrated to about 10 mL. 
Upon the addition of MeOH, the precipitate formed was collected by suction filtration. 
The red solid was washed with MeOH and air dried (190 mg, 0.16 mmol, 80 %). Rf = 
0.76 (2:1 hexane/CH2Cl2)； ^H NMR (CDCI3, 270 MHz) S 7.78 (d，8 H’ / 二 7.8 Hz), 7.64 
(d, 8 H’ •/二 7.8 Hz), 1.50 (s, 36 H); UV-visible (CH2CI2),入mux，nm (log e) 442(5.53), 
554(4.39). 
H2(p-^Bu)0CP 1369 12 (150 mg, 0.13 mmol) was dissolved in CH2CI2 (40 mL). 
The solution was added concentrated H2SO4 (30 mL) and the mixture was stirred at RT 
for 30 min. The green suspension was then poured to an ice bath. The mixture was 
extracted with CH2CI2/TFA (100 mL / 3 mL). The organic layer was separated and 
neutralized with Na2C03 (10 g) in H2O (50 mL). The green solution was washed with 
saturated NaCl and dried over Na2S()4. The solvent was then removed by rotary 
evaporation. The crude product was chromatographed over silica gel (70-230 mesh). The 
fast moving pigment eluted with hexane/CH2Cl2 (2:1) was discarded. Then the green 
band eluted with CH2CI2 was collected and evapomted to dryness. The blue solids was 
washed with MeOH and air dried (124 mg, 0.11 mmol, 87 %). Rf = 0.26 (2:1 
hexane/CHiCh)； ^H NMR (CDCI3, 250 MHz) 5 8.06 (d, 8 H , y = 8.2 Hz), 7.74 (d，8H,7 
=8.2 Hz), 1.54 (s, 36 H); UV-visible (CH2CI2), Xmax, nm (log e) 456(5.23), 554(3.78)， 
610(3.98); Anal. Calcd for C6()HmC18N4.2H20: C，62.62; H, 5.08; N, 4.87. Found: C， 
62.48; H, 4.66; N, 4.78. 
(p-Me)TPPRhCl(PhCN) 10a A suspension of 6b (100 mg, 0.15 mmol) 
and RhCl3-3H20 (79 mg, 0.30 mmol) in PhCN (10 mL) were refluxed in air for 1 h. The 
solvent was removed by evaporation under reduced pressure. The dark red solid obtained 
was chromatographed over silica gel (70-230 mesh). The second orange band eluted with 
CHCI3 was collected and evaporated to dryness. The residue was washed with hexane 
p. 60 
and air dried to give orange solids (116 mg, 0.13 mmol, 86 %). Rf = 0.78 (1:1 
hexane/CH2Cl2)； ^H NMR (CDCI3, 250 MHz) 5 8.94 (s, 8 H), 8.20 (d, 4 H , 7 = 7.5 Hz), 
8.07 (d, 4 H， / 二 7.5 Hz), 7.54 (m, 8 H)，6.95 (t, 1 H, 7 = 7.5 Hz), 6.63 (t，2 H, J = 7.5 
Hz), 5.33 (d，2H,7 = 7.5 Hz), 2.70 (s, 12 H). 
(p-尔u)TPPRhCl(PhCN) lOb 10b was synthesized by the same procedure 
described for 1 0 a . A suspension of 6c (252 mg, ().3() mmol) and RhCl3.3H20 (161 mg, . 
0.61 mmol) in PhCN (25 mL) were refluxed in air for 1 h to give orange solids (284 mg, 
0.264 mmol, 88 %). Rf = 0.50 (CH2CI2)； ^H NMR (CDCI3, 250 MHz) 5 8.94 (s, 8 H), 
8.25 (d’ 4 H , y = 7.6 Hz)，8.09 (d, 4 H, 7 = 7.7 Hz), 7.73 (m, 8 H), 6.97 (t, 1 H, 7 = 7.7 
Hz), 6.64 (t, 2 H， / 二 7.9 Hz), 5.32 (d, 2 H, J = 7.8 Hz), 1.60 (s, 36 H). 
(/7-^Bu)0CPRhCI 10c lOc was synthesized by the same procedure 
described for 10a. A suspension of 13 (lOO mg, (U)9() mmol) and RhCl3-3H20 (59 mg, 
0.23 mmol) in PhCN (10 mL) were refluxed in air for 1 h. The solvent was removed by 
evaporation under reduced pressure. The dark red solid obtained was chromatographed 
over silica gel (70-230 mesh) with hexane/CH2Cl2 (2:3). The fast moving colored band 
was discarded. The red band followed was collected and evuporated to dryness. The red 
solid was recrystallized from CHiCli/MeOH to give orange red crystals (73 mg, 0.059 
mmol, 65 %). Rf = 0.35 (2:3 hexane/CHaCli)； ^H NMR (CDCI3, 250 MHz) 5 7.89 (m, 8 
H), 7.69 (d’ 8 H’ •/ 二 8.4 Hz), 1.55 (s, 36 H); UV-visible (CH2CI2), ？ imax, nm (log e) 
448(5.13), 564(4.18), 606(3.77); Anal. Calcd for C6()H52Cl()N4Rh.H20: C, 56.79; H, 
4.29; N, 4.41. Found: C, 56.80; H，4.37; N, 4.29. 
(p.Me)TPPRhCH2CH2Ph 9a 10a (115 mg, 0.13 mmol) was dissolved in 
EtOH (20 mL) to give a red solution. The solution was purged with N2 for 15 min. The 
I 
red solution at 50 "C was added NL1BH4 (20 mg, 0.53 mmol) solution in aq. NaOH (1 M, 
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2 mL). The resulting mixture was stirred for 1 h under N2 at 50 ()C. The brown solution 
obtained was allowed to attain RT. Then PhCH2CH2Br (0.1 mL, 0.73 mmol) was added 
through a syringe. A bright orange precipitate formed immediately was collected by 
suction filtration. The filter cake was washed with MeOH and air dried to give orange 
solids (68 mg，0.078 mmol, 60 %). Rt =().82 (1:1 hexane/CH2Cl2)； ^H NMR (C6D6, 250 
MHz) 5 8.99 (s，8 H), 8.22 (del, 4 H , 7 =1.8’ 7.5 Hz), 8.02 (del, 4 H, 7 =1.8, 7.5 Hz), 7.36 
(d，4H,7 = 7.5 Hz), 7.24 (d, 4 H , 7 = 7.5 Hz), 6.28 (t, 1 H , 7 = 7.5 Hz), 6.10 (t, 2 H , 7 = 
7.5 Hz), 4.85 (d, 2 H , 7 = 7.5 Hz), 2.41 (s, 12 H), -2.95 (t, 2 H, 7 = 8.6 Hz), -4.43 (dd, 2 
H , y = 3.2，8.6 Hz); UV-visible (CH2CI2), A,max, nm (log e) 412(5.15), 518(4.16); Anal. 
Calcd for C56H45N4Rh-H20： C, 75.16; H, 5.29; N, 6.26. Found: C, 75.91; H, 5.17; N, 
6.25. 
(/7-^Bu)TPPRhCH2CH2Ph 9b 9b was synthesized by the same procedure 
described for 9a. 10b (33 mg, {).()31 mmol) was treated with N11BH4 (20 mg, 0.53 mmol) 
solution in aq. NaOH (1 M, 2 mL) in EtOH (20 mL) followed by the addition of 
PhCHiCHiBr (0.1 mL, 0.73 mmol) to give orange solids (31 mg, 0.030 mmol, 97 %). Rf 
=0.80 (1:1 hexane/CH2Cl2)； ^H NMR (QsDr)，250 MHz) 5 9.00 (s, 8 H), 8.31 (dd, 4 H, 7 
=1.9，8.0 Hz), 8.12 (dd, 4 H , y = 1.9, 8.0 Hz), 7.64 (dd，4 H ,7=2 .0 , 8.0 Hz), 7.53 (dd, 4 
H , J = 2.0’ 8.0 Hz), 6.31 (t, 1 H’ J 二 7.3 Hz), 6.15 (t, 2 H, J = 7.5 Hz), 4.87 (d, 2 H , 7 = 
7.2 Hz), 1.46 (s，36 H), -2.92 (t, 2 H, 7 = 8.6 Hz)’ -4.36 (dd, 2 H, J = 3.2, 8.6 Hz); U V -
visible (CH2CI2)’ 入m a x， n m (log e) 412(5.30), 520(4.31); Anal. Calcd for 
C68H69N4Rh-H20: C, 76.82; H, 6.73; N, 5.27. Found: C，76.64; H, 6.59; N，5.22. 
(p-^Bu)OCPRhCH2CH2Ph 9c 9c was synthesized by the same procedure 
described for 9 a . 1 0 c (66 mg, 0.053 mmol) was dissolved in EtOH (15 mL) to give a 
deep red solution. The solution was purged with N2 for 15 min. The red solution at 50 ^C 
was added NaBH4 solution(4() mg, 1.1 mmol) in aq. NuOH (1 M, 2 mL). The resulting 
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mixture was stirred for 1 h under N2 at 50 "C. The reddish brown solution obtained was 
allowed to attain RT. Then PhCHiCP^Br (0.1 mL, 0.73 mmol) was added through a 
syringe. H2O was added to the red solution and the resulting mixture was extracted with 
CH2CI2. The organic layer was separated and dried over N112SO4. The solvent was 
removed by rotary evaporation. The crude product was chromatographed over silica gel 
(230-400 mesh) with hexane/CH2Cl2 (5:1). The first colored band was discarded. The 
second deep red band was collected and evaporated to dryness. The red solids obtained 
was rechromatographed with hexane/CH2Cl2 (6:1) to give red solids. The solids were 
then recrystallized from CHCl3/MeOH to give red crystals (42 mg, 0.032 mmol, 60 %). 
Rf = 0.61 (4:1 hexane/CH2Cl2); ^H NMR (QDr)，250 MHz) 5 8.07 (d, 4 H , 7 = 7.5 Hz), 
7.82 (d, 4 H , 7 = 7.5 Hz)，7.68 (d, 4H ,y = 7.5 Hz), 7.57 (d, 4 H , y = 7.5 Hz), 6.40 (t，1 H, 
J = 7.2 Hz), 6.26 (t, 2H,J = 7.5 Hz), 5.12 (d, 2H ,7 = 7.7 Hz), 1.43 (s, 36 H), -2.15 (t, 2 
H, 7 = 8.1 Hz), -3.71 (t, 2 H, 7 = 7.5 Hz); UV-visible (CH2CI2), ？imax, nm (log e) 
372(4.39), 434(5.27), 544(4.29); Anal. Calcd for C6sH6iCl8N4Rh-H20: C, 61.01; H, 
4.74; N, 4.18. Found: C, 61.08; H, 4.58; N, 4.18. 
Thermal reaction of 9a 9a (1.1 mg, 1.3 x l()-3 mmol, 3.1 x 10-3 M) was 
dissolved in dry C6D6 (0.4 mL) in an NMR tube. The mixture was degassed for three 
freeze-thaw-pump cycles and the NMR tube was flame sealed. The solution mixture was 
then immersed to an oil bath and heated at SO-lOO ()C. The reaction was monitored by ^H 
NMR spectroscopy (250 MHz). The major products obtained were (p-Me)TPPRhH and 
styrene in 34 and 45 % yield. 
Thermal reaction of 9b % (6 mg, 5.6 x 10"^  mmol, 0.014 M) was dissolved 
in dry C6D6 (0.4 mL) in un NMR tube. The mixture was degassed for three freeze-thaw-
pump cycles and the NMR tube was flume sealed. The solution mixture was then 
immersed to an oil bath and heated at 8()-l(){) ()C. The reaction was monitored by ^H 
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NMR spectroscopy (250 MHz). The major products obtained were (/7-^u)TPPRhH and 
styrene in 24 and 32 % yield. 
Thermal reaction of 9c 9c (10 mg, 7.6 x l()-3 mmol, 0.019 M) was 
dissolved in dry C^DG (0.4 mL) in an NMR tube. Tetrakis(trimethylsilyl)silane was used 
as internal standard. The mixture was degassed for three freeze-thaw-pump cycles and the 
NMR tube was flame sealed. The solution mixture was then immersed to an oil bath and 
heated at 100 ()C. The reaction was monitored by ^H NMR spectroscopy (250 MHz). The 
major product obtained was (p-屯u)0CPRh(CH(CH3)Ph) in 79 % yield by comparing the 
integration of the internal standard. 
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